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Commissioner for Patents 
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DearSir: 

I, J. Christopher Grimaldi, declare and state as follows: 

1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. Diaring this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in, the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA seqxiences of interest in normal and tumor tissues. 
The analyses were designed to determine whetiier a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gerie expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detectiori of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, r conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PGR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tunior tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PGR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between nomial tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if fiuther 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willfijl false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Gode and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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Ghrisjfppher Grimaldi 
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J. Christopher Grimaldi 



1434-36* Ave. 

San Francisco, CA 94122 

(415) 681-1639 (Home) 



EDUCATION 



University of California, Be±eley 
Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



SRA 



Genentech Inc., South San Francisco; 1/99 to present 



Previously, was responsible to direct and manage the Cloning Lab. Currently focused on 
isolating cancer specific genes foir the IVimor Antigen (TAP), and Secreted TVunor Protein 
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
Immunology Department. Directed a lab of 6 scientists focused on a company-wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Biomformatics, Cloning, Sequencing, and Legal teams. CoUaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display methodology 
Interacted extensively with the Legal team providing essential data needed for filing patents on 
tiovel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
well as dozens of other smaller projects. 



Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved in multiple pfejeets aimed at understanding novel genes discovered through 
bioinformatics sttidies and fimctional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided sti-ategic direction in tiie areas of expression, 
clonmg, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical staff. 



Directed pl^t-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management. Designed 
and unplemented the safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties. 



Facilities 
Manager 



Corixa, Redwood City; 5/89 - 7/91. 



o 



o 



SRA 



University of California, San Francisco 
Cancer Research Institute; 2/87-4/89. 



Was responsible for numerous cloning projects including: studies of somatic hypetmutation, 
studies of AIDS-associated lymphomas, and cloning of t(5; 14), t(l 1 ; 14), and t(8;14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation in leukemia patients.. 



Worked on a subunit porcine vaccine directed gainst Mycoplasma hyopneumoniae. Was 
responsible for geiprating geanomic libraries, seining with degenerate oligonucleotides, and . 
characterizing and expressing clones in E. coU. Also constructed a ^riCTai purpose expression 
vector for use by other scientific teams. 

PUBUCATIONS 

1. Hilary F. Clark, et al. "The Secreted Protein Discovery Initiative (SPDI), a Large-scale 
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics 
assessment" Genome Res. Vol 13(10), 2265-2270, 2003 

2. Sean H. Adams, Clarissa Chui* Sarah L. Schilbach, Xing Xian Yu, Audrey D. Goddard, J. 
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Cohnan "BPTT, 
a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning, 
organization of the humanb genie and assessment of a potential link to obesity" Biochemical 
Journal, Vol 360, 135-142, 2001 

3. Szeto W, Tiang W, Tree DA, Rubinfeld B, Hollingshead PG, Fong SE, Dugger DL, Pham T. 
Yansura D, Wong TA, Grimaldi JC, Corpuz RT, Singh JS, Frantz GD, , Devaux B, Crowley 
CW. SphwaltSilJpberhsrd DA..Rastelli L, Polakis.P, and Eennica D. "Overexpression of 
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation 
by Wnt-1 and Retinoic Acid." Cancer Research Vol. 61(10), 4197-4205, 2001 

4. Jeanne Kahn, Fuad Mehraban, Gladdys Ingle, Xiaohua Xin, JuUet E. Bryant, Gordon Vehar, 
Jill Schoenfeld, J. Christopher Grimaldi (mcorrectly named as "Grimaldi, CJ"), Franklin 
Peale, Apama Draksharapu, David A. Lewin, and Mary E. Gerritsen. "Gene Expression 
Profiling in an in Vitro Model of Angiogenesis." American Journal of Pathology Vol 156(6). 
1887-1900,2000. 

5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin 
WG, Wu X, Soto H, O'Garra A, Howard MC, Coffman RL. "Depletion of eosinophUs m 
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 



Research 
Technician 



Berlex Biosciences, South San Francisco; 7/85-2/87. 



Oliver AM, Grimaldi JC, Howard MC, Kearney JF. "IndependenUy ligating CD38 and Fc 
gammaRHB relays a donoinant negative signal to B cells." Hybridoma Vol. 18(2), 1 13-9, 



o 



o 



7. Cockayne DA, Muchamuel T, Grimaldi JC, MuUer-Steffher H, RandaU TD, Lund FE, 
Murray R, Schuber F, Howard MC. "Mice deficient for the ecto-nicotinamide adenine 
dinucleotide glycohydrolase CD38 exliibit altered humoral immune responses " Blood Vol 
92(4), 1324-33, 1998 • • 

8. Frances E. Lund, Nanette W. Solvason. Michael P. Cooke, Andrew W. Heath, j; Christopher 
Grimaldi, Troy D. RandaU, R. M. E. Parkhouse, Christopher C Goodnow and Maureen C. 
Howard, "SignaUng through murine CD38 is impaired in antigen receptor unresponsive B 
ceUs." European Journal of Immunology, Vol. 25(5), 1338-1345, 1995 

9. M. J. Guimaraes, J. F. Bazan, A. Zolotnik, M. V. WUes, J. C. Grimaldi, F. Lee, T. 
McClanahan. "A new approach to the study of haematopoietic development in the yolk sac 
and embryoid body." Development, Vol. 121(10), 3335-3346, 1995 

10. J. Christopfier Grimaldi, Sriram Balasi^bramanian, J. Fernando Bazan, Armen Shanafelt 
Gerard Zurawski and Maureen Howard. "CD38-mediated pioteiiff fitwsylation." Joiimk of* 
Immunology, Vol. 155(2), 811-817, 1995 

.11. Leopoldo Santos-Argumedo, Frances F. Lund, Andrew W. Heath, Nanette Solvason, Wei 
Wei Wu, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen Howard. "CD38 
unresponsiveness of xid B cells impUcates Bruton's tyrosine kinase (btk) as a regulator of 
GD38 induced signal transduction." International Immunology, Vol 7(2), 163-170, 1995 

12. Frances Lund, Nanette Solvason, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen 
Howard. "Murine CD38: An immunoregulatory ectoenzyme." Immnholoey Today Vol 
16(10), 469-473, 1995 ■ ^' 

13. Maureen Howard, J. Christopher Grimaldi, J. Fernando Bazan, Frances E. Lund, Leopoldo 
Santos-Argumedo, R. M. E. Parkhouse, Timothy F. Walseth, and Hon Cheung Lee. 
"Formation and Hydrolysis of CycUc ADP-Ribose Catalyzed by Lymphocyte Antigen 
CD38." Science, Vol. 262, 1056-1059, 1993 

14. Nobuyukiiiaiada, Leopoldo.Santos-Argumedo, Ray Chang, J. Christopher Grimaldi, Frances 
Lund, Camilynn L Brannan, Neal G. Copeland, Nancy A, Jenkins, Andrew Heath, R. M. E. 
Parkhouse and Maureen Howard. "Expression Qoning of a cDNA Encoding a Novel Murine 
B Cell Activation Marker: Homology.to Human CD38." The Journal of Immunology Vol 
151,3111-3118,1993 

15. David J . RawUngs, Douglas C. Saffran, Satoshi Tsukada, David A. Largaespada, J. 
Christopher Grimaldi, Lucie Cohen Randolph N. Mohr, J. Fernando Bazan, Maureen 
Howard, Neal G. Copeland, Nancy A. Jenkins, Owen Witte. "Mutation of Unique Region of 
Bruton's Tyrosine Kinase m Immunodeficient XID Mice." Science, Vol. 261, 358-360, 1993 

16. J. Christopher Grimaldi, Raul Torres, Christine A. Kozak, Ray Chang, Edward Clark, 
Maureen Howard, and Debra A. Cockayne. "Genomic Structure and Chromosomal Mapping 
of the Murine CD40 Gene." The Journal of Immunology, Vol 149, 3921-3926, 1992 

17. Tinaothy C. Meeker, Bruce Shiramizu, Lawrence Kaplan, Brian Hemdier, Henry Sanchez, J. 
Christopher Grimaldi, James Baumgartner, Jacab Rachlin, Ellen Feigal, Mark Rosenblum'and 
Michael S. McGrath. "Evidence for Molecular Subtypes of HTV-Associated Lymphoma: 
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Division into Peripheral Monoclonal, Polyclonal and Central Nervous System Lymphoma " 
AIDS, Vol. 5, 669-674, 1991 

18. Ann Grimaldi and Chris Grimaldi. "SmaU-Scale Lambda DNA Prep." Contribution to 
Current Protocols in Molecular Biology, Supplement 5, Winter 1989 

19. J. Christopher Grimaldi, Timothy C. Meeker. "The t(5;14) Chromosomal Translocation in a 
Case of Acute Lymphocytic Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin 
Heavy Chain Gene." Blood, Vol. 73, 2081-2085, 1989 

20. Timothy C. Meeker, J. Christopher Grimaldi, et al. "An Additional Breakpoint Region in the 
BCL-1 Locus Associated with the t(ll;14) (ql3;q32) Translocation of B-Lymphocytic 
MaUgnancy." Blood, Vol. 74, 1801-1806, 1989 

21 Timothy C. Meeker, J. Christopher Grimaldi, Robert CRourke, et al. "Lack of Detectable 
Somatic Hypermutation in the V^egion of the Ig H Chain Gene of a Human.,Chronic B 
Lymphocytic Leukemia." The Journal of Immunoiogy, Vol: 141, 3994-3998, 1988 

MANUSCRIPTS m PREPARATION 

1 . Sriram Balasubramanian, J. Christopher Grimaldi, J. Femando Bazan, Gerard Zurawski and 
Maureen Howard. "Stractural and functional characterization of CD38: Identification of 
active site residues" 



PATENTS 

1. "Methods for Eosinophil Depletion with Antibody to CCR3 Receptor" (US 6,207,155 B I). 

2. "Amplification Based Cloning Method." (US 6,607,899) 

3. Ashkenazi et al., "Secreted and Transmembrane Polypq)tides and Nucleic Acids Encoding 
the Same." (this, patent cxwers several hundred genets) 

4. "IL-17 Homologous Polypeptides and Ther^eutic Uses Thereof ' 

5. "Method of Diagnosing and Treating Cartilaginous Disorders." 
MEMBERSHIPS AND ACTIVITIES 

Editor Frontiers in Bioscience 

Member DNAX Safety Committee 1 99 1- 1 999 

Biological Safety Affairs Foram (BSAF) 1990- 1991 
Environmental Law Foundation (ELF) 1990- 199 1 
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DECLARATION OF J, CHRISTOPHER GRIMALDL UNDER 37 C.F.R. § 1.132 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and say as follows: 

1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 1 8 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
Iheir normal counterparts. 

3. My scientific Cmriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break arid are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton a/., Pathol. Annu. > 27Ptl: 165-190], or chromosomal translocations such as t(5;14), 
[Grimaldi€^a/.,Blofid,73(8):2081-2085(1989); Meeker a/.. Blood , 76(2) :285-289(l 990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also providje a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed. It is imlikely that one identifies mcreased mRNA expression without associated 
increased protein expression. This same principle applies to gene urider-expression. When a 
gene is imder-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentratioh of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PGR, Taqman, and more recently Microarray teclmology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression, the 
detection of increiased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene piroduct in tiie presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide not to treat a patient with agents that target that gene product. 



7. I hereby declare that all statements made herein of my own knowledge are true and 
ttiat all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: 




Date: 



Chiistopher Grimaldi 
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J. Christopher Grunaldi 



1434-36* Ave. 

San Frandsco, CA 94122 

(415) 681-1639 (Home) 



EDUCATION 



University of California, Berkeley 
Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



SRA 



Genentech Inc., South San Francisco; 1/99 to present 



Previously, was responsible to direct and manage the Cloning Lab. Currently focused on 
isolating cancer speci^c genes for the Tumor Antigen (TAP), and Secreted Tumor Protein 
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
Immunology Department. Directed a lab of 6 scientists focused on a company- wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display methodology. 
Interacted extensively with the Legal team providing essential data needed for filing patents on 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI. TAP and Curagen projects as 
well as dozens of other smaller projects. 



Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved in multiple projects aimed at*imderstanding novel genes discovered through 
bioinformatics studies and functional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies . Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical staff 



Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management. Designed 
and implemented the safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties. 



Facilities 
Manager 



Corixa, Redwood City; 5/89 - 7/91. 



o 



o 



SRA 



University of California, San Francisco 
Cancer Research Institute; 2/87-4/89* 



Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of t(5; 14), t(l 1 ; 14), and t(8; 14) 
translocations. Focused on the activation of hemopoietic growth factors involved m the t(5;14) 
translocation in leukemia patients.. 



Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsiblejor generating genomic Ubrariq;?, screening with deg^erate oligonucleotides, and 
characterizing anrf fexpressing clones in E. coli. Also constructed a general purpose expression 
vector for use by other scientific teams. 

PUBLICATIONS 

1. Hilary F. Clark, et al. "The Secreted Protein Discovery Initiative (SPDI), a Large-scale 
Effort to Identify Novel Himian Secreted and Transmembrane Proteins: a biomformatics 
assessment," Genome Res. Vol 13(10), 2265-2270, 2003 

2. Sean H. Adams, Qarissa Chui* Sarah L, SchUbach, Xing Xian Yu, Audrey D. Goddard, J. 
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Colman' "BFTT, 
a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning, 
organization of the humanb gene and assessment of a potential link to obesity" Biochemical 
Journal, Vol 360, 135- 142, 2001 

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, HolUngshead PG, Fong SE, Dugger DL, Pham T, 
Yansura D, Wong TA, Grimaldi JC, Corpuz RT, Smgh JS, Frantz GD, , Devaux B, Crowley 
CW,.Schwall RH, Eberbard DAjJUsteDi L, Polakis^P, and Pennica D. "Overexpression of 
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation 
by Wnt-1 and Retinoic Acid." Cancer Research Vol. 61(10), 4197-4205, 2001 

4. Jeanne BCahn, iFuad Mehraban, Gladdys Ingle, Xiaohua Xin, Juliet E, Bryant, Gordon Vehar. 
Jill Schoenfeld, J. Christopher Grimaldi (incorrectly named as "Grimaldi, CJ"), Franklin 
Peale, Apama Draksharapu, David A. Lewin, and Mary E. Gerritsen. "Gene Expression 
Profiling in an in Vitro Model of Angiogenesis." American Journal of Pathology Vol 156(6), 
1887-1900, 2000. 

5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin 
WG, Wu X, Soto H, O'Garra A, Howard MC, Coffman RL. "Depletion of eosinophils in 
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 

6. Oliver AM, Grimaldi JC, Howard MC, Kearney JF. '^Independently ligating CD38 and Fc 
gamniaRIIB relays a dominant negative signal to B cells." Hybridoma Vol, 18(2), 1 13-9, 



Research 
Technician 



Berlex Biosciences, South San Francisco; 7/85-2/87. 



1999 



o 



o 



7. Cockayne DA, MuchamuelT/GrimaldiJQMuUer-Ste£fherH,Rand^ 

Murray R, Schuber F, Howard MC. **Mice deficient for the ecto-nicotinamide adenine 
dinucleotide glycohydrolase CD38 exhibit altered humoral immune responses." Blood Vol. 
92(4), 1324-33, 1998 

8. Frances E. Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath, j: Christopher 
Grimaldi, Troy D. Randall, R. M. E. Parkhouse, Christopher C Goodnow and Maureen C. 
Howard. "Signaling through murine CD38 is impaired in antigen receptor unresponsive B 
cells," European Journal of Immunology, Vol. 25(5), 1338-1345, 1995 

9. M. J. Guimaraes, J. F. Bazan, A. Zolotnik, M. V, Wiles, J. C. Grimaldi, F. Lee, T. 
McClanahan. "A new approach to the study of haematopoietic development in the yolk sac 
and embryoid body." Development, Vol. 121(10), 3335-3346, 1995 

10. J,„Christopher Grimaldi, Sr^am Balasubramanian, J. Fernando Bazan, Armen Shanafelt, 
Gerard Zdrawski and Maureen Howard. "CD38-mediated protein ribosylatidii." Journal of 
Immunology, Vol. 155(2), 811-817. 1995 

11. Leopoldo Santos-Argumedo, Frances F. Lund, Andrew W. Heath, Nanette Solvason, Wei 
Wei Wu, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen Howard. "CD38 
unresponsiveness of xid B cells implicates Bruton's tyrosiae kinase (btk) as a regulator of 
CD38 induced signal transduction." International Immunology, Vol 7(2), 163-170, 1995 

12. Frances Lund, Nanette Solvason, J, Christopher Grimaldi, R. M. E. Parkhouse and Maureen 
Howard. "Murine CD38: An immunoregulatory ectoenzyme." Immunology Today, Vol: 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 



By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-^ncogenes. We have stud- 
ied a case of B-lineage acute lymphocytic leukemia (ALL) 
thiat was associated with peripheral blood eosinophilia. The 
.chromosomal translocation t(5;14) (q31:q32) from this 
sample was cloned and studied at the molecular level. This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragmem pattern of normal human DNA IN) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band whh both Hind Ml/ £calM and SauSA restriction 
digests. The rearranged bands are less intense than the other 
bands because the maJorltY of cells in the sample represent normal 
bone marrow elements. 



translocation joined the immunoglobulin heavy chain join- 
ing (Jh) region to the promoter region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that acth^ation of the IL-3 gene by the 
enhancer of the immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophilia. 
e 1B89 by Grune & Stratton, Inc. 

protooncogenes, such as c-myc and bcl-l}*^ In this way, the 
IgH gene can activate proto-oncogenes» resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generatioa of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation.'*^ This syndrome probably 
occurs in <1% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French- American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q3I;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made.* Briefly, 
10 Mg of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrophorcsed on a 0.8% 
agarose gel- The gel was stained with ethidium bromide, photo* 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
shani, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0. 1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported.* 

Genomic library. The genomic library was made using pub- 
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lishcd methods/ Approximately 100 of high mol wt genomic 
DNA were partially digested with the Sau3A restriction enzyme. 
Fragments from 9 to 23 kilobases (kb) in size were isolated on a 
sucrose gradient and ligated into phage EMBL3A (Strategcne. San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported.^ 

DNA sequencing. Fragments for sequencing were cloned into 
Ml 3 vectors and sequenced by the chain termination method using 
Scqucnase (United States Biochemical, Cleveland).' All sequence 
data were derived from both strands. 

RESULTS 

Wc studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilia. Karyotypic 
analysis showed the characteristic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL.^'^ 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD20), 
H: (Cbl9), cALLA' (CD10), HLA-DR, and terminal 
deoxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage.* 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoRh Hindill, Sstl, .SawBA, and EcoKl plus Hindlll 
restriction digests, suggesting rearrangement of one allele 
(Fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;14)(q31;q32) juxtaposed a 



growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged SauSA 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The £coRI, Hindlli/EcoRl, and Sstl 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no. 4 
represented the rearrange leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). the IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously,- the gene encoding hematopdietic 
growth factor IL-3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no, 4 might contain part of this 
gene.'"" When the restriction map of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Fig 2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEll/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RN A of the IL-3 gene. The break in the IL-3 gene 
occurred in the promoter region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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n>e break in the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of IL-3 in the same transcrip- 

thc jh4 region. Between the two breaks. 25 bp of uncertain tional orientation." Using this information and assuming a 

oriein (putative N sequence) were inserted." '^ No sequences simple translocation event in our sample, we can conclude 

homologous to the immunoglobulin heptamer and nonamer that the IL-3 gene is normally more centromenc. and the 

could be idenUfied in the IL-3 sequence (Fig 3B): Therefore. GM-CSF gene more telomeric on chromosome 5q (Fig 4) 

nucleic acid sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with theur 5 ends toward 

IL-3 gene and the IgH gene. The sequence date clearly the centromere, 
showed that the genes were positioned in opposite transcrip- DISCUSSION 
tional orientations (head-to-head). . . ^ . v i 

Available data also allowed us to determine the. normal In this report we have cloned a unique chromosomal 

positions of the IL-3 gene and the GM-CSF gene in relation translocation that appears to be a consistent feature of a rare, 

to the centromere of chromosome 5 (Fig 4). The IgH gene is yet distinct, clinical form of acute leukemia. This transloca- 
known to be positioned with the variable regions toward the . tion joined the promoter of the IL-3 gene to the IgH gene, 

telomere on chromosome 14q.'-.?» It has also been shown that Except for the altered promoter, the IL-3 gene appeared 

+ 

. • * ' ■ 

5 • TACCAGACAAACTCTCATCTGTTCCAGTGGCCTCCTGGCCACCCACCAGGACCAAGCAGGGCGGGCAGCAGAGGG^^ 

IItcSSS^^acta^^ctcaccggaggaccggtgggtggtcct^ 

5 • GTAGTCCAGGTGATGGCAGATGAGATCCCACTGGGCAGGAGGCCTCAGTGAGCTGAGTCA^^ 240 
^CASGTCCACTACCGTCTACTCTAGGGTGACCCGTCCTCC^^ 

• • • 

c • r rrrTCCTCTCACCTGCTGCC ATGCTTCCCATCTCTCATCCTCCTTGACAAGATGAAGTGATACCGTTTAAG 330 

********* 

S'CACATATAAGGCGGGAGGTTGTTGCCAACTCTTC&GAGCCCCACGAAGGRCaVGAACR 561, 
V 6TCTMATTCCGCCCTCCAACAACGGTTGAGAAGTCTCGGGG 

5'CCAAACATGAGCcS^CCGTCCTGCTCCTGCTCCAACTCCTGCT 64 C 
I'S^^^^TCGGCG^CGaGCAGGACGAGGACGAGGTTGAG^^^ 

S'AACGTCCTTGAAGACAAGCTGGGTTAAC 3' 668 
3'TTGCAGGAACTTCTGTTCGACCCAATTG 5' 

^ 5 . TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTC^ 

4.^.^.4.4-1- +-f-M-+-H~l-H-H"t"t"«-+ 
5 • TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 

++++++++++++++++++++++ 

Fi. 3 Seauence «f t(6-14)»q31:q32) breakpoint reflion. (A) Nucleotide sequence of the B«EII/#<Ml fwflment HkHcated on Flfl 2. 
HuSLtiaesTt^Tre^r:^^^^^^^^ 

S»Cr!:^11I Xr;^^^^^^^^^ b^reaKpoInt region. The •»J•^^'-^'•J^S:S 2^^^ Tl^rSnM 

nonamer underlined. Clone no. 4 is shown with putative N region sequence. ""ffji^^filStn ^^S^!^ A plu. «8« »+• 

denotes the identical nucleotide between sequences. No heptamer or nonamer 18 Identified In the IL-3 sequence. 
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Fig 4. Diagram of the translocation. The nomnal chromosome 
5q31 is shown with the GM-CSF gene telomeric to the IL>3 gene in 
the transcriptional orientation shown. On normal chromosome 
14q32 the Vh regions are telomeric. The t(5;14}(q31 ;q32) translo- 
cation results in the head-to-head orientation of these genes. 
Symbols are defined in Fig 2. BP, breakpoint position. 



intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 geneJ'^''* This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the c-myc gene in some cases of 
Burkitt's lymphoma.*' An alternate hypothesis is that the 
elimination of an upstream IL-3 promoter element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL-3 gene suggests that an 
autocrine loop is important for the pathogenesis of this 
leukemia." Over-expression of the IL-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-lineage lymphocytes 
and B-lineage leukemias may express the IL-3 receptor.^**" 

An additional feature of this type of leukemia is the 
dramatic eosinophilia, consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor."-" 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leukeniic cells might 
have a role in the eosinophilia in this type of leukemia." 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation."**^ This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and^jnonamer) was found 
in this regioh^n chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations.. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 1 4 kb away (Fig 4). This 
is known to be within the range of enhancer activation.^^ The 
interleukin-5 (IL-5) gene maps to chromosome 5q31.^ 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation.^ These and other questions 
will be answered by the study of more patient samples; We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokiiies simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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RAPID COMMUNICATION 

Activation of the Interleukiii-3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophilla 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams 



The t(5;14)(q31;q32) translocation from B-lineage acute 
lymphocytic leukemia wKh eosinophilla has been cloned 
from two leukemia samples. In both cases, this transloca- 
tion Joined the IgH gene and the interleukin-3 (tL-3) gene. In 
one patient, excess IL-d mRNA was produced by the 
leukemic ceils. In the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
bcl-'l, c^abU and omyc^ that are located adjacent to the 
translocation.'*^ It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage immunophenotype, eosinophilia, and 
the t(5;14)(q31;q32) translocation.'** Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, wc cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (ILr3) genes 
were joined by this abnormality.^ In this report, we extend 
those findings by showmg that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 

Samples and Southern blots. Case 1 has been described.**^ 
Clmical features of Case 2 have been described in detail.^ DNA 
isolation and Southern blotting was done using previously described 
methods.' Fdters were hybridized with an immunoglobulin Jh probe, 
a 280 bp £amHI/£coRI genomic IL-3 fragment, and an IL-3 
cDNAprobc.^^ 

Northern blots. RNA isolation and Northern blottmg have been 
described.' Briefly, Northern blots were done by separating 9Mg 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF)cDNAprobe.*<^" 

Polymerase chain reaction. Primers were designed with BamHl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 144:5'-TAGGATCCGACGGTGACCAGGGT), 
and the other hybridized to the region of the TATA box ui the IL-3 
gene (Primer 161: 5'-AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95*0 for 1 mmute, 61»C for 30 
seconds, and 72^ for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 fiL containing 67 nunol/L 
Tris-HCl pH 8.8. 6.7 mmol/L MgClj, 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine scrum albumin (BSA) (fraction V), 



activity. There was no evidence of excess granulocyte/ 
niacrophage colony stimulating factor (QM-CSF) or IL-5 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the IL-3 gene, 
resulting in autocrine and paracrine growth effects. 
© 1990 by The American Society of Hematology. 

16.6 nunol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Pcrkm-Elmer, Norwalk, CT)." 

S equencing. Sequendng was done by chain termination in M 1 3 
vectors.'* As part of this study, wc sequenced a subclone of a normal 
IL-3 promoter, covering 598 bas^airs.from a Sma I site at position 
— 1240 (wtttPtespect to the proposed site of transcription initiation) 
to an Nhe I site at position -642. The plasmid containing this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos? cells. A genomic IL-3 fragment from Case I 
was cloned into the pXM expression vector." Briefly, the Hindlll/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
prevk»usly described phage clone 4 into pUC18,* The 2.6 kb 
fragment extending from the Sma 1 site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinkcr was cloned into 
the blunted Xho I site of pXM. The niegative control construct was 
the pXM vector without insert. Plasmids were introduced into Cos7 
cells by electroporation, and supernatant was collected after 48 
hours in culture. 

TFI bioassay. TF-1 cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutamine, and 1 ng/mL human GM-CSF." Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 ftL volume of serial dilutions of 
patient serum was added to wells m a flat bottom 96-well microtiter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 ^L 
was added to appropriate wells and preincubated for 1 hour at 37**C. 
Fifty microliters of twice washed TF-1 cells were added to each well, 
giving a final cell^<5oncentration of 1 x 10^ cells per well (final 
volume, 100 §iL). The plate was incubated for 48 hours. The 
remaining cell viability was determined metabolically by the colori- 
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» > CTOCCAcroQrroc3^ 

; ;QgggQXX3AOCAQC3QTTCXX^^ 
3 'CTQ0G^CraaTCX»AAaC3aAC^ 

3 •aawAOAOAcxirTTacuuiot^^ 

Flo 1. Breakpoint sequences for Case 2, The germline IgJhB region sequence (protein coding region and reeombination ^n»t 
sequences are underlined) Ison top^ the translocatio n seque nce from Case 2 (PCR primer sequences and putative N region are underf^fldl 
is in the middle, and the germline IL-3 sequence* which we derived from a normal IL-^ done, is on the bottom/ + indicates that 
sequence has the same nucleotide. The sequence documents the head<to-head Joining of the IL-3 and IgH aenes The br Aalriwkint in ^ ^ o 
gene occurred at position -934 {•). » w • w ur^iqwinx in ttie iL-3 
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metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, Mcnlo Park, CA) set at 570 and 650 nm.'* 

Cytokine immunoassays. These assays used rat monoclonal 
anti-cytokine anUbodies (10 /ig/mL) to coat the wells of a PVC 
mic^titjr plate. The capture antibodies used were-BVD3-6G8, 
JESI.39D10, and BVD2.23B6. for the IL-3, IL-5. and GM-CSlr" 
assays, respectively. Patient sera were then added (undiluted and 
diluted 1:2 for IL-3, undiluted for IL-5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunoreagents used were dther 
mouse antiserum to IL-3 or nitroiodophenyl (NIP)-derivatized rat 
monoclonal antibodies JES1-5A2 and BVD2-21C11, specific for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-labeled goat anti-mouse Ig for IL-3, or HRP-labeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF, The chromogenic sub- 
strate was a-B'azino-bis-benzthiazoline sulfonate (ABTS; Sigma, St 
Louis, MO), Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 



RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the J7i/tdIII restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region ( Jh) probe, a rearranged fragment at approxi- 
mately 14 kb was detected (data not shown). Whetftcprobcd 
with cither of two different IL-3 probes, a rearranged 14 kb 



fragment, comigrating with the rearranged Jh fragment, was 
identified. When leukemic DNA was digested with Hilidlll 
plus £coRI, a rearranged Jh fragment was detected at 6 kb. 
The IL-3 pro^ also identified a comigrating fragment of 
this size. These experiments mdicatcd that the leukemic 
sample studied was clonal and that a single fragment 
contamed both Jh aiid IL-3 sequences, suggesting a translo- 
cation had occurred. 

To characterize better the joining of the IL-3 gene and the 
immunoglobulin heavy chain (IgH) gene, the polymerase 
Cham reaction (PCR) was used to clone the translocation.'^ 
A Jh primer and an IL-3 primer were designed to produce an 
amplified product in the event of a head-to-head transloca- 
tion. While control DNA gave no PCR product. Case 2 DNA 
yielded a PCR-derivcd fragment of approximately 980 bp, 
which was cloned and sequenced. 

The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promotor of 
the IL-3 gene in a head-to-head configuration (Fig 1) 
Sequence analysis indicated that the breakpoint on chromo^ 
some 14 was just upstream of the JhS coding region. The 
breakpoint on chromosome 5 occurred 934 bp upstream of 
the putative site of transcription initiation of the IL-3 gene. 
We also determined that a putative N isequence of 17 bp was 
inserted between the chromosome 5 4nd cKfbmc&ime l4 
sequences during the translocation event," " Figure 2 shows 
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Fl0 Z. Relationship of chromosome 5 breakpolnte to tho IL^ gene. Thfs figure shows the t%vo cloned breakpoints (arroMrsI In rAMA» ^ 
the normal IL-3 gene."^« One breakpoint occurred at position -482 and the other at -934 (arrows) in both tArcumstln^ ^ 
translocations resulted In a head-to-head Joining of the IgH gene and the IL-3 gene, leaving the mRNA an^ protein codino reolonrof jr!^ 
gene Intact. Boxes denote the five IL-3 exons; restriction enzymes are (B) OrniHI. (P) fist L (H) Hpa I (E) f coRI and WXhot 
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Fig 3. Documentation of IL-3 mRNA over-expression. A Northern blot was prepared and hybridized with a probe for IL-3. Lane 1 
contained RNA from unstimulated peripheral blood lymphocytes (PBL) as a negative control. Lane 2 contained RNA from PBL stimulated for 
4 hours with concanavalian A (ConA), and lane 3 contained RNA from PBL stimulated with ConA for 48 hours. As in the positive control 
lanes (2 and 3), a 1 kb band was identified in the ieulcemic sample from Case 1 (lane 4, lower arrow)* suggesting aberrant expression of the 
IL'3 gene. In addition, the leukemic sample showed over-expression of an unspticed 2.9 kb IL-3 transcript (lane 4. upper arrow). We 
dc^^entsfl that this represented an unspliced precursor of the mature 1 kb transcript by showing that this band hybridized to a |$robe 
from introfi 2 of the IL-3 gene. A similar 2.9 kb band was detect liTlifto^ suggesting that an IL-3 mRNA of this size is sometimes 
detectable in normal mitogen-stimiilated cells. Lane 6 through 10 represent RNA from six samples of B-lineage acute lymphocytic leukemia 
without the t(5;14) translocation, indicating that only the sample with the translocation exhibited IL-3 over-expression. Case 2 couM not be 
analyzed by Northern blot because too few cells were available for study. 



the locations of the two cloned breakpoints in relation to the 
IL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
IL-3 gene on the translocated diromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos? cell line. Cell supematants 
were studied in a proliferation assay using the factor depen- 
dent erythroleukcmic cell line, TF-1. The supematants 
derived from transfcctions using the vector plus insert 
supported TF-l proliferation, while supematants from trans- 
fections using the vector alone were negative in this assay 
^daOntol shoivn). Ftirthdfmore, the biologic activity cotli^ be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2,9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-S or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). '^'^ 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No semm GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-l bioassay. This bioassay can be 
rendered monospedfic using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-l 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JESl- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-l proliferating activity with 
eithe^%i>ti-IL-5 or anti-GM-CSF was consistent withJtter. 
inabiUty to measure these factors by immunoassay .and 



Table 1 . Peripheral Blood Counts and Growth Factor Levels 
at Different Times In Case 2 

Sample Date 





11/15/83 


1/16/84 


3/14/84 


Peripheral blood counts (oells/^) 








WBC 


81,800 


116,500 


12,300 


Lymphoblasts 


0 


33.785 


0 


Eosinophils 


46.626 


73,080 


615 


Serum growth factor levels (pg/mL) 








IL-3 


' <444 


7,995 


1,051 


GM-CSf 


<15 


<15 


<15 


IL-5 


<50 


<50 


<50 



Peripheral blood counts from Case 2 at three different time points with 
the corresponding growth factor levels quantified by immunoassay. The 
patient receh/ed chemotherapy between 1/16/84 and 3/14/84 to lower 
his leOkemic burden.' No serum samples were available for a similar 
analysis of Case 1 . 

Abbreviation: Vy^C, white blood cells. 
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Fig 4. Bioassay of serum IL-3. Loukemic patient sera were tested for bioactWe IL-3 and IL-6 in the TF-I proliferation assav Th« 
r^cj^lof^edilu^onisln^^^^^ 

SL^'i*"" of motional rat ami-IW BVD34JG8 mi or arttf-IL-B, JESr^gDI^A): □ indicates no MoAb. O J/16/M an^3m/W 
inhibition of proKfen»on was evident in the pr^sm^^m^^ antibodyldS^unSnting aerum levels of M ontfHM^XTS^ 
was not detected fai this assay, as antl-fl.^ did not aherTF-1 proliferation/ wv«»w on tnose days. -Swum 0.-5 



indicated that these other myeloid growth factors were not 
detectably circulating in the serum of this patient. 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 arc within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promotor. The PCR assay we have developed will 
be useful in the screening of additional clmlcal samples for 
this abnormality. 

The finding of a disrupted IL-3 promotor associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product. In this work, we have documented that this is tpfe. 
In additidn, neither GM-CSF nor IL-5 are over-expres^ by 
the leukemic cells. Furthermore, in one patient, scrum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for IL-3 is important for the evolution of this 
leukemia.^* The excessive IL-3 production that we have 
documented would be one feature of such an autocrine loop. 
The final proof of our thesis must await additional data. In 
particular, from the study of additional clinical samples, it 
will be necessary to document that the IL-3 receptor is 
present on the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosinophilia in these patients is mediated by the para- 
crine effects of leukemia-derived IL^3^sip|lar interventions 
may improve this aspect of the dise^e. Antibodies or 
engineered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathologic Significance of the 
c-erbB-2 (HER-2/neu) Oncogene 

Timothy P. Singleton and John G. Strickler 



The CrerbB-2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et al,'™ who reported that DNA amplification in breast carcino- 

mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of oerbB-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-eriB-2 activation, which has not been emphasized in 
recent revicws.^f^ ^s.ss The molecular biology of the c-crbB-2 oncogene has been 
extensively reviewed^''^-'^ and will be discussed only briefly here. 



BACKGROUND 

The c-crbB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu (mcogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats.*-^^^*"^ The c- 
erbB-2 was a human gene discovered by its homology to the retroviral gene v- 
er&B.^'^*''^^ HER'2 was isolated by screening a human genomic DNA library for 
homology with v-eriB." When the DNA sequences were determined subse- 
quently, c-crfcB-2, and neti were found to represent the same gene. 
Recently, the c-cr&B-2 oncogene also has been referred to as NGL, 

The c-€friB-2 DNA is located on human chromosome nq21^*^^ and codes 
for c-erfeB-2 mRNA (4.6 kb). which translates c-er&B-2 protein (pl85). This 
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protein is a normal component of cytoplasmic membranes- The 
oncogene is homologous with, but not identical to, c-erfcB-1, which is located 
on chromosome 7 and codes for thc^cpidcrmal growth factor receptor. ^-^^^ The c- 
erbB'2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain.^'** Electron microscopy 
with a polyclonal antibody detects c-er&Br2-immunoreactivity- on cytoplasmic 
membranes of neoplasms, especially on microvilli and the non-villous outer cell 
membrane.®^ In normal cells, immunohistochemical reactivity for c-eriiB-2 is 
UJ frequently present at the basolateral membrane or the cytoplasmic memhriane's 

brush border, ^^-s* 

There is experimental evidence that c-crfoB-2 protein may be invoK^ed in 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 
erbB-2 grotein can transform a ceU line into a malignant phenotype.^s Abo, 
when the ni^ otn^ene containing an activating point mutation is placed m 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. In other experi- 
ments, monoclonal antibodies against the neu protein inhibit the growth (in 
nude mice) of a neu-transformed cell line,"^^® and immunization of mice widi 
neu protein protects them from subsequent tumor challenge with the neu- 
transformed cell line." Some authors have speculated that the use of antago- 
nists for the unknown ligand could be useful in future chemotherapy.^ Further 
review of this experimental evidence is beyond the scope of this article. 

The c-erfcB-2 activation most likely occurs at an early stage of neoplastic 
development. This hypothesis is supported by the presence of c^rbB-2 activa- 
tion in both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usuaUy demonstrate uniform c-eri»B-2 activation 
at multiple sites in the same patient, although c^rfcB-2 activation has 

rarely been detected in metastatic lesions but not in the primary tumor. '^ o^ **" 
Even more rarely, c-eriB-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node meitastasis.* In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-0rfcB-2 activa- 
tion, but only a few such cases have been studied. .^^ 

MECHANISMS OF c-erbB-2 ACTIVATION 

The most common mechanism of c-erfoB-2 activation is genomic DNA amplifica- 
tion, which almost ahvays results in overproduction of c-crfeB-2 raRNA and 
protein. The c-erfcB-2 amplification may stabilize the overproduction of 

mRNA or protein through unknown mechanisms. Human breast carcinomas 
with c-€r6B-2 amplification contain 2 to 40 times more C"€rbB-2 DNA**' and 4 to 
128 times more c-erbB-2 mRNA^*^ than found in normal tissue. Most human 
breast carcinomas with c-erbB-2 amplification have 2 to 15 times more c-erbB-l 
DNA. 1\imors with greater amplification tend to have greater overproduc- 
i| ) • tiori."'®'® Tlie non-mammary neoplasms that have been studied tend to have 
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similar levels of c-erbB-i amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of activation is overproduc- 

tion of c-erbB-2 mRNA and protein without amplification of c-er2»B-2 DNA.^^ 
The quantities of mRNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal hreast or other 
tissues. -Jhe c-crfoB-2 protein oveq>roduction without mRNA overproduc- 
tion or DN A amplification has been described in a few human breast carcinoma 
cell lines. 4^ 

Other rare mechanisms of c-erfcB-8 activation have been reported. Translo- 
cations involving the c-erbh-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
firagment length polymorphisms - or incomplete restriction enzyme digestions 
that mimic'trailsKStions.^i'^'*^ A single point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea.*'^ The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane.*®'**^** Although there has been specula- 
tion that some of the amplified c-ertB-2 genes may contain point mutations,^ 
none has been detected in primary human neoplasms.^^*^^ 



TECHNIQUES FOR DETECTING c-erbB-2 ACTIVATION 
Detection of c-erbB-2 DNA Amplification 

Amplification of c-«r6B-2 DNA Is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a oerbh-i DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the firagments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a c-«rfcB-2 DNA probe. In both tech- 
niques, c-eri>B-2 amplification is quantified by comparing the intensity (mea- 
sured by densitometry) of the hybridization bands firom the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-crfeB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells.®^ Swiond, the c-erfeB-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide c- 
probes may not be sensitive enough for measuring a low level of c-er6B- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
erhB-2, to correct for possible alterations in chromosome number. Identical 
results, however, are obtained by using control probes to genes on other chro^ 
mosomes,*®^* with rare exception.'^ Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 
deleted occasionally in breastcarcinomas.^ 

Amplification of c-er2?B-2 DNA was assessed by using the polymerase 
chain reaction (PGR) in one recent study. Oligoprimers for the c-erfcB-2 gene 
and a control gene are added to Uie sample's DNA, and PGR is performed. If 
the sample contains more copies of c-er^B-2 DNA than erf" the control gene, the 
c-er&B-2 DNA is replicated preferentially. 

Detection Of c-erbB-2 mRNA OvenKOduction 

Overproduction of c-erfeB-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization. Both techniques require extraction of RNA but 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
PGR fbi^tectibn of c-^rBB-2'lnRN4 has been described in-twq recent 
absttacls.^i" 

Overproduction of c-er&B-2 mRNA can be measured by in situ hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography. Silver grains are seen only over 
tumor cells that overproduce c-er6B-2 mRNA. Negative control probes are 
used. Oxur experience indicates that these techniques are relatively insensi- 
tive for detecting c-erfcB-2 mRNA overproduction in routinely processed tis- 
sue. Although the sensitivity may be increased by modifications that allow 
simultaneotis detection of c-erbB-Z DNA and mRNA, in situ hybridization still 
is cumbersome and expensive (unpublished data). 

All of the above oerbB-Z mRNA detection techniques have several prob- 
lems that make them more difBcuh to perform than techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in 
tissue that is not immediately frozen or fixed. In addition, during the detection 
procedure, RNA can be degraded by RNase; a ubiquitous enzyme, which must 
be eliminated meticulously from laboratory solutions. Third, control probes to 
genes that are uniformly expressed in the tissue of interest need to be carefully 
selected. " -ri' 

Detection of c-erf>B-2 Protein Overproduction 

The most accurate methods for detecting c-«rfeB-2 protein overproduction are 
the Western blot method and immunoprecipitation. Both techniques can docu- 
ment the binding specificity of various antibodies against c-erhB-l protein. In 
Western blot studies, protein is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred to a membrane, and detected by using an- 
tibodies to c-erfeB-2. In immunoprecipitation studies, antibodies against c-erfeB- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
immunoprecipitation are useful research tools but currently are not practical for 
diagnostic pathology. Tsvp recent abstracts have described an enzyme-linked 
immunosorbent assay (EUSA) for detection of c-«rfcBr2 protein. 
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Overproduction of c-erfcB-2 protein is most commonly assessed by various 
immunohlstochemical techniques. These procedures often generate conflicting i 
results, whidi are explained at least partially by three factors. First, various | 
studies have used different polyclonal and monoclonal antibodies. Because | 
some polyclonal antibodies recognize weak bands in addition to the c-erfcB-2 I 
protein band on Western blot or immunoprecipitation, ffie results of these . | 

studies should be interpreted with cauHon.«.36.*7,6i £ven some monoclonal ahti- \ 
bodies immunoprecipitate protein bands in addition to c-erfcB.2 (pl85).^«9'«« f 
Second, tissue fixation contributes to variability between studies. For example, f 
some antibodies detect c-ertB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general, formahn fixation diminishes the sensitivity of 
immunohlstochemical methods and decreases the number of reactive cells.*^-^ 
- When Jl9i?J|i^-fixative is"tfsedrther9, may be a higher ^peroenta^ of positive 
cases,** Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membraiie staining is diagnosUc for c-er&B-2 activation in breast 
carcinoma, the number of positive cells and the staining Intensity required to 
diagnose c-erfoB-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-erbB-2 protein is not a problem because I 
It can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing.** i 

ACTIVATION OF c-erbB-2 IN BREAST LESIONS 1 
Incidence of c^rbB-2 Activation 

Most studies of c-erbB-2 oncogene activation do not specify histological sub- , 
types of infiltrating breast carcinoma. Amplification of c-€rfcB.2 DN A was found i 
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies Cl^ble 1), and [ 

mRNA or protein overproduction was detected in 20.9 percent (566 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented c- 
eriB-2 mRNA or protein overproduction in l&peircent (88 of 604) of carcinomas 
that lacked c-^rbB-2 DNA ampUfication. 

The incidence of c-«rfeB.2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-erfeB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent c-crfcB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget's disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast. c-erfcB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The c-erfeB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocardnoma in situ (68 percent, 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erfcB*2 activation,^ " ®* especially if larger cells are present. The greater fre- 
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quency of c-erbB-2 protein overproduction in comedocarcinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show o-crfcB-2 activation infrequently Others have speculated 
that carcinoma in situ with c-crfcB-2 activation tends to regress or to lose c- 
erfcB-2 activation during progression to invasion.*******^ Infiltrating and in situ 
components of ductal carcinoma, however, usually are similar with respect to c- 
erfcB-2 activation, ^^-^ although some authors have noted more heterogeneity of 
the immiinohistochemical staining pattern in invasive than in in situ carci- 
noma, ^-^^-w Activation of c-er6B-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carctinoma in situ, the c- 
erbB'2 protein overproduction tends to occur in the comedocarcinoma in situ 
. but may iricliitte other areas of carcinoma ^in situ.*2.a|68 Overproduction of c- 
•erfeB-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate .^^ 

Activation of c-erbB-i has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for c-erfeB-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently. 39.«.s4 In normal breast tissue, c-eriB-2 DNA is 
diploid, and c-erfeB-2 is expressed at lower levels than in activated tumors,** ®*® " 

These preliminary data suggest that c-erbB-2 activation may not be useful 
for resolving many of the common problems in diagnostic isurgical pathology. For 
example, c-6rbB-2 activation is infirequent in tubular carcinoma and radial scars. 
In addition, because c-erbB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary cardnoiha in situ, detection of c-er&B- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
c-erbB-2, are unlikely to be mistaken for diose of benign lesions. Activation of 

,TA8LE 2> o-erbp-a ACTIVATtON IN BENION >^UMAN |BEA$T LESIONS 





e^rbB-2 DNA 


e-ef6B-2mnNA 


o^B-2 Protein 


Histologleal Diagnosis 


AmpKfiCBtlon' 


Overproduction 


Overproduction 


Fibrocystic disease 






0/32,»0/9MOmw 


Atypical ductal hyperplasia 






2(wealc)/21 « 

1 (cytoplasmic)/! 3» 


Benign ductal hyperplasia 






0/12" 


Sclerosing adenosis 






0/4» 


Rbroadenomas 


0/1 6 « 0/6" 


0/6«0/3» 


0/21 w 0/10 w 
0/8 w 0^2 


Radial scars 






0/22** 


Blunt duct adenosis 






on 4^ 


"Breast mastosis" 




0/335 





«Stiown 88 mimber of cases with actlvation/irHimber of cases studied; reference Is given as a superscrlpL 
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c-crbB-2, however, does favor infiltrating ductal carcinoma over infiltrating 
lobular-Garcinoma. Further studies of these issues would be useful. 

Correlation of c-€irbB-2 Activation With Pathologic Prognostic Factors 

Multiple studies have attempted to correlate c-er&B'2 activation with v£uious 
pathologic prognostic fectors (Table 3). Activation of.c-«r&Br2 was correlated 
with lymph node metastasis In 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with o-er&B-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by have been suggested as 

I)n>gnostic factors and may correlate with c^erbB-2 activation.^'' 

Correfifrdn of c-erbB«2 Actuation With Clinical Prognostic Factors 

Various studies have attempted also to correlate c-erfcB-2 activation with clinical 
features that may predict a poor outcome (Table 4). Activation of c-'er&B-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with Q-erbB'2 activation, and, in the rest of the reports, c- 
6rbB-2 activation was associated with either younger or older ages. 

Correlation of c-erbB*2 Activation With Patient Outcome 

Slamon et al^-^^ first showed that amplification of the c-er2iB*2 oncogene inde* 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of CTcrbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c-er2»B-2 amplification is an important prognostic indica** 
tor only in patients with lymph node metastasis. ''^•^^ 

A large number of subsequent studies also attempted to correlate c-erfcB-2 
activation with prognosis CTable 5). In 12 series, there was a correlation be- 
tween c-eribB-2 activation and tumor recurrence or decreased survival. In five 
of these series^ the predictive value of c-erfeB-2 activation was reported to be 
independent of other progndstic fltitSrs. In contrast, 18 series did not confirm 
the correlation of c-erfeB-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below. 

One problem is that c-erliB-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph tiode metastasis showed a correlation of 
C'erbE*2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between C'erbB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-crfcB-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE & CORRELATION OP OHsrbM ACTIVATION WITH OUTCOIUIE IN PATIENTS 
WITH BREAST CARCINOMA 



Number of Mtonts 









with 








Type of 




Metasiaatlsto 








c-er(»B-2 




Mliary No 


Btatletlcal 






Activation^* 


Total 


Lymph Nodes MetasttalB 


Anaty8i8° 


Reference 


<0.05 


ONA 


176 




M 


67 


<6.05 


DNA 


61 




u 


60 


<0.05 


DNA 


57 




u 


65 


<0.05 


DNA 


41 




U 


93 


<0.05 


mRNA 


&. 




u 


65 


<0.05 - 


Protelii 


ibz 


i- 


M 


101 


<0.05 


ONA 




345 


M 


81 


<0.05 


DNA 




120 


u 


17 


<0.05 


DNA 




91 


u 


87 


<0.05 


DNA 




86 


M 


79. 


<0.05 


Protein- WB 




350 


M 


85 


<0.05 


Protein 




62 44 


u 


101 


0.05-0.15 


DNA 


67 




u 


111 


0.05-0,15 


Protein 


189 




M 


92 


0.05-0.16 


Protein 




120 


U 


86 


>0,15 


DNA 


130 




U 


113 


>0.15 


DNA 


122 




M 


4 


>0.16 


DNA 


50 




U 


44 


>0.15 


mRNA 


57 




u 


50 


>0.15 


Protein 


290 




M 


86 


>0.15 


Protein 


195 




U 


11 


>0.15 


Protein 


102 




u 


39 


>0.15 


Protein 




137 


u 


17 


>0.15 


DNA 




181 


M 


81 


>0.15 


DNA 




'-' " 159 


' u 


17 


>0.15 


DNA 




73 


u 


87 


>0.15 


Proleln-WB 




378 


u 


85 


>0.1S 


Proteln^WB 




192 


u 


17 


>0.15 


Protein 




141 


u 


86 


>0.15 


Protein 




41 


u 


40 



The endpolnls of these studies were tumor rscurrence or decmssd survival or both. Correlation (between e- 
erbB-Z activation and a poorer patient outcome is statlstjcalfy slgnlfloani at <0.0$, Is of equivocal slgnincanos . 
at 0.05 to 0.16. and Is not significant at >0.1S. 

"Shown as VBriat>le measured, tjettera **WB'' Indicate assay by Western the other protein atudiea used 
immunohlstochemlcat methods. 

» muHlvarlBte statistical analysis; U » unlvBriale statistical analysis. 
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TABLE 6. PERCENTAQE OF BREAST CARCINOMAS WITH METASTASIS COMPARED 
WfTH PROGMOSTtC SIGNIFICANCE OF M/tiB-2 ACTIVATION 



% of tumors with 
lymph node 
metastasis In 
each study 



70- 



80- 



60- 



40- 



71 (DNA)o 



61 (ONA)» 

59 (DNA)^ 
5e(Proteln)«^ 



64(DNA)^" 



42(Protein)« 



P<0.05 



0.05<P<0.15 



64 (mRNA)» 
i51(DNA)^ 



58 (ONA)^ 
57 {DNA)*« 
5S(Prote(h)» 

48(Prolein)'^ 
46(Prolein)M 



P>o:i6 



P tor correlation of o-ert»M actlvafion with patient outoome. 

Each 8(ud/8 peroentage of breast caicinomes vinth metastasiB is eompared with the oorielafion between o- 
er^B^ acttvatton and outoome. These data include only dtosestudles that considered, as one group, aO breast 
cenoer patients, whether or not they had axRiaiy metastasis. Superscripts are the refaranoas. In parenihsses 
are the types of o-erbB-2 acUvatioa P values are Interpreted as m Table 3. 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-erfeB-2 activation is infrequent in lobular carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of c- 
er27B-2;activation 4n ductal tumors. In addition, most studies do not analyase 
inflammatory breast carcinoma separately. This condition frequently shows c- 
erfcB-2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-crfcB-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. Two recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-er&B'2 overexpression predicted early 
recurrence, In patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-^rfeB-2 activation,^® 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c-erfcB-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-er&B-2 aetiva- 
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tion and poor patient outcome measure c-erhB'2 DNA amplification (Table 5). 
and breast carcinoma patients with greater amplification of c-crfcB-2 may have 
poorer survival. Recent studies suggest that amplification has more prognos- 
tic power than oveiT)roduction,"'34,35 b^t the clinical significance of c-«riB-2 
overproduction without DNA amplificatipn deserves further research J^-s^ pew 
studies have attempted to correlate patient outfcbme with c-er2iB-2 mRNA 
overproduction, and many studies of c-erfcB-2 protein overproductiun use rela- 
tively less reliable raetliods such as immunohistochemical studies with poly- 
clonal antibodies. 

Comparison of Activation With Other Oncogenes in 

Breast Carcinoma 

Qther oncogenes that may haye prognostic implidations in human breast cancer 
are reviewed clscwhereJ5.i'» This section will be restricted to a comparison 
between the clinical relevance of c-erfeB-2 and these other oncogenes. 

The c-myc gene is often activated in breast carcinomas, but c-myc activa- 
tion generally has less prognostic importance than CH?rfeB-2 activation, 
One study found a correlation between increased mRNAs of c-erfeB-2 and c- 
myc, althougli other reports have not confirmed this.**-*" Subsequent research, 
however, could demonstrate a subset of breast carcinomas in which c-myc has 
more prognostic importance than c-erfcB-2. , 

The gene c-eri>B-l for the epidermal growth (actor receptor (EGFR) is 
homologous with c^rbB'2 but is infirequently amplified in breast carcinomas. « 
Overproduction of EGFR, however, occurs more finequendy than amplification 
and may correlate with a poor prognosis. In studies that have examined bodi c- 
erfeB-2 and EGFR in the same tumor, c-er&B-2 has a stronger correlation with 
poor prognostic factors.35.52 Studies have tended to show no correlation between 
amplification of c-erbB-2 and c-er&B-l or overproduction oic-erbB-Z and EGFR, 
although at the molecular level EGFR mediates phosphorylation of c-erj>B-2 
protein.si'5Wi.88,ioo Recent reviews describe EGFR in breast carcinoma.^i«> 

The genes c-erbA and ear-l are homologous to the thyroid hormone recep- 
tor, and they are located adjacent to c*er2>B-2 on chromosome 17. "Hiese genes 
are frequently coamplified with c-erbB'2 in breast carcinomas. The absence of 
c-erfcA expression in breast carcinomas, however, is evidence against an impor- 
tant role for Ais gene in breast neoplasia.^ Amplification of c-^&B-2 can occur 
without ear-l amplification, and these tumors have a decreased siirvival that is 
similar to tumors with both c-er&B-2 and ear-l amplification." Consequently, 
c-erfcB-2 ampHfication seems to be more important than amplificsation oic-erbA. 
orcar-l. 

Other genes also have been compared with c-er&B-2 activation in breast 
carcinomas. One study found a significant correlation between increased c-eriB- 
2 mRNA and increased mRNAs offos, platelet-derived growth factor chain A, 
and Ki -rcis, Allelic deletion of c-Ha-roA* may indicate & poorer prognosis in 
breast carcinoma, but it has not been compared with c-eriB-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
' breast carcinoma and activation of any one of several onoogenes.^*^^ 
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ACrrVATiON OF c-erbB-2 IN NON-MAMMARY TISSUES 

Incidence of c-erbB-2 Activation in Non-Mammary TIasues 

table 7 summarizes the normal tissues in which c-€r&B-2 expression has been 
detected, usually with ixmnunohistochemical methods using polyclonal anti- 



TABLE 7. PRESENCE OR ABSENCE OF mRNA OR o-eri^B-^ PROTEIN IN 

NORMAL HUMAN TISSUES 



Tissues With 
(MrbB«2 
fliRNA 



Tissues Producing 
c^rt»B-2 Protein* 



Tissues Lacking 
c-erbB-2inRNA 



Tissues Lacking 
o^B-2 Protein 



Skin" 


Epidermis* 
External root sheath"^ 
Gccrine sweat gland» 






Fetal oral mucosa^ 


Postnatal oral muoosa"^ 




Fetal esophagus^ 


Postnatal esophagus^ 


Slomach« 


Stomachal 
Fetal Intestine^ 




Je]unum*< 


Small Intestine^'® 




Colon^* 






Kldney» 


Fetal kldney«« Kldneys«« 


Qk)niemlus«2 

Postnatal Bowman's capsule^ 




Fetal proximal tubule"' 


Postnatal proximal tubule^ 




Distal tubule^ 






Fetal collecting ducl«2 


Postnatal collecting duct^^ 




Fetal renal pelvis^ 


Postnatal renal pelvis^ 




Fetal ureter« 


Postnatal fetal ureter^ 


Liver« 


Hepatocytes^ 
Pancreatic acini" 
Pancreatic ducts^ 


Uver«^ 




Endocrine cells of Islets 


Pancreatic islets'^ 




of l.angertians*> 




Lung^ 


.^..Fetal^tracheaa , 


Postnatal trachea^ 


Fetal bronchtoles^ 
Bronchioie$«» 


Pclthatal bronohloleB^' 
Postnatal alveoli^'* 


FeUI brain^ 




Postnatal brain« 




Fetal ganglion cetls^ 


Postnatal ganglion celis^ 


Thyroid^ 






Uterus** 


Ovaiy^* 






Bk>od vessels^ 


£ndottielium» 



Placenta^ 



Adrenooortioaloells^ 
Postnatal thymus^* 
Rbroblasts«2 
Smooth muscle cetls^ 
Cardiac muscle cells^ 



This protein study used Western blols; the rest used immunDlilstochemteal metliods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing cell membrane reactivity in flie published photo- 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that these findings should be confirmed by immunoprecipitation or 
Western or RNA blots. I^t>duction of c-erfcB-2 has been identified in normal 
epithelium of the gastrointestinal tract and sldnr Discrepancies regarding c^ 
erbB''2 protein in other tissues could be due, at least in part, to differences in 
techniques. 

The data on c-erbB-2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, beotuse ceU culture can 
induce airiplificaj^on and overexpression of other genes.^,althQugh diis has not 
been documented filr c-6rbB-2. " 

Activation of c-erbB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcinomas in eight studies (Table 8), One abstract^^ stated that ovarian 
carcinomas contained significantly more c-erfcB-2 protein than ovarian non- 
epithelial mahgnancies. Another report"* showed that 12 percent of ovarian 
carcinomas had c-er6B-2 overproduction without amplification. 

Activation of c-^rfcB-2 has been identified in 20 percent (40 of 198) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 



TABLE 8. c-erbB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS' 







e-er6B-2 


c-erbB-2 






mRNA 


Protein 




o^rbB^t DNA 


Over* 


Over- 


Tumor Type 


Ampllfieatlon 


piYiductlbn 


production 


Ovary— carcinoma, not otherwise 


31/120 « 1/11,6^ 


23/67" 


23/73,12 


specified 


0/5,w 0/6 « 0/3."» 
0/2,»Q/V« 




36i72« 


Ovary— serous (paplllaiy) carcinoma 


2/7,^X0 1/7/ie0/6« 






tfvary--end6metrtoid carcinoma 


0/3^10 






Ovary— mudnoue carcinoma 


1/2,1 wo/ira 






Ovary— clear cell carclrK>ma 


0/2,"2 0/1^2 






Ovary— mixed epithelial carcinoma 


0/2« 






Ovary — endometrioid borderline tumor 








Ovary— mucmous t)orderiine tumor 


o/a^e 






Ovary— serous cystadenoma 


0/4^ 






Ovary — mucinous cystadenoma 








Ovary — ^sclerosing stromal tumor 


0/178 






Ovary— fibrothecoma 


0/1« 






Ulerus— endometrial adenocarcinoma 


0/4 M 0/r" 







'Shown as number of cases wittt amplification (or overprodudionKlotal number of cases studied: referer^ce is 
given as superacrIpL At! protein studies used immunoMstochemical methods. 
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intestinal or tubular subtypes and 9 percent (4 of 47) of difiFuse or signet ring cell 
subtypes (Table 9). Activation of c-erfcB-2 has been detected in 2 percent (6 of 
281) of colorectal carcinomas, although an additional immunohistochemical 
study detected c^riB-2 protein in seven of eight tissues fixed in Bouin's solu- 
tion. One study found greater immunohistochemical reactivity for c-criB.2 
protein in colonic adenomatous polyps than in the adjaceiit"noiTnal epithehuih, 
using Bouin s fixative. Lesions with anaplastic features and progression to inva- 
sive carcinoma tended to show dea eased immunohistochemical reactivity for c- 
eriB-2 protein."^ Hepatocellular carcinomas (12 of 14 cases) and cholangiocarci- 
nomas (46 of 63 cases) reacted with antibodies against e-cf'feB-2 in one study, but 
some of these "positive" cases showed only diffuse cytoplasmic staining, which 

TABLE 9. c4rbB-2 ACTIVATiON IN HUMAN QASTROIOTBOTNA LTUMOHS' 

c^B-2 
Piotefn 



Tumor Type 


c-ertrB-2 DNA 
Amplification 


Over- 
production 


Esophagus — squamous cell carcinoma 


0/1107 


0/181 


Stomach— carcinoma, poorly differentiated 






Stomach— ^enocarcinoma 


2/24 w 2/9.^07 2/8,^1* 


4/27,»3/W 




2/8." 0/1 106 




Stomach— cardrwma, Intestinal or tubular type 


5/10^" 


ie/64» 


Stomach— carcinoma, diffuse or signet ring cell type 




4/45» 


Colorectum--carcinoma 


2/49 « 1/45,"i 


1/22," 7/8«o 




1/45,»'1/45,«» 






0/40.«iO/32,wO/3« 




Colon— villous adenoma 


0/16D 




Colon— tubulovlllous adenoma 






Colon— tubular kdenoma 




19/ie«> 


Colon— hyperplastic polyp . 


0/1" 




Intestine— letonriyosarconria 




0/161 


Hepatocellular carcinoma 


0/12111 


12/14 «0/2«i 


Hepatoblastoma 


0/167 




Cholanglocardnoma 




46/63« 


Pancreas— adenocarcinoma 




2/80.^1"' 0/2»^ 


Pancreas — acinar carcinoma 




0/1^^ 


Pancreas— dear cell cardnoma 




0/241 


Pancreas— large cell carcinoma 




0/3*1 


Pancreas—signet ring carcinoma 




0/V1 


Pancreas— chronic Inflammation 




0/14^^«? 



•Shown as number of cases with ampHflcatlon (or overpr oduc«on)/lotal number of cases studlod; reference 18 
given a& superscript. Ail protein studies used Immunohistochemical methods. No studies analyzed (or o-e^B- 
2mRNA 

^Issues fixed In Bouin's soiution. 

*Only cases with distinct membrane staining are Interpreted as showing o-erbB^ overproduction. 
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TABLE 10. ACTIVATION IN HUMAN PULMONARY TUMORS' 









Tumor Typo 


0^84 ONA 


Protein 


Amplification 


Overproduction 






.,„1/84?». 


Epidemiold cardnonna 


0/l3«W10,»'0/6» 


3/6W 


Adenocarcinoma 


0/21, "2 1/1 3,a 0/7,"^ 0/7 w 0/3'" 


4/12« 


Large cell carcinoma 


0/9 K 0/6K> 




Small cell cardnoma 




0/26 M 0/3« 


Carcinoid tumor 


0/l« 


0/3® 



•Shown as number of oases with ampRfioation (or overpioductlonVlotal number of cases fitudledj reference Is 
given as supereerfpt All protein studies used ImmunohlsloChamtcal melhods. No studies analyzed for c^r^B- 
2mRNA. , • . — -v.- 



does not indicate c-erbh-Z activation in breast neoplasms.^ Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto- 
chemical reactivity for o-erbB-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell membrane staining.^ 

Tables 10 through 14 summarize the studies of C'erbB-2 activation in other 
neoplasms. The c-crfcB-2 oncogene is not activated in most of these tumors 
Activation of c-grfeB-S has been detected in 1 percent (4 of 299) of puhnonary 
non-small cell carcinomas in nine studies, although one additional report^ 
found o-erfcB-2 protein overproduction in 41 percent (7 of 17). Renal cell carci- 
noma had c-erfcB-2 activation in 7 percent (2 of 30) in four studies. Overproduc- 
tion of c-6r&B-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion." Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c-«rJbB-2 protein, but it is not clear 

TABLE 11. c-erbB^ ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS^ 







0-ertjB^ 


c-erbB-2 






mRNA 


Protein 




c^B-2DNA ' 


Over* 


Over- 


Tumor Type 


Ampltfieatfon 


production 


production 


Hematologic malignancies 


0/23^1^ 






Malignant lymphoma 


Q/QS7 Q/3107 


Q/V 


0/1 5« 


Acute leukemia 


0/1 






Acute lymphoblastic leukemia 


0/1 w 






Acute myeloblastic leukemia 








Chronk; leukemia 


0/10S7 






Chronic lymphocytto leukemia 


0/6W 






Chronic myelogenous leukemia 








Myeloproliferative disorder 


0/1 







\ : 



•Shown as number of cases with amplification (or overproductiooVtotal number of cases studied; referenos is 
given as superscript. All protein studies used Immunohistociiemlca} methods. 
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TABLE 12, c^B-Z ACTIVATION IN HUMAN TUMORS OP SOTT TISSUE AND BONE* 



Tumor Type 



W6B-20NA 
Amplification 



Sarcoma 0/10,"^ o/sb' 
Malignant fibrous histiooytoma- 0/1 

Uposarcoma 0J3^^ 

Pleomorphic aarooma 0/1 

l^habdomyosarcoma 0/1 

Oateogenic sarcoma 0/2, 0/2^ 

Chondrosarcoma 0/1 

Ewing^s sarcoma 0/1 ^ 

Schwannoma o/i^ 



•Shown as number of eases with ampHfiGstion (or ovwpraduoUonVlolal number of 
given as superscript No studies analyzed for c-e/i>B-2 mRNA or G-erfrB-2 protein. 



whether the protein level is increased over that of normal skin.» Thyroid 
carcinomas and adenomas can have low levels of increased t>erbB'2 oiANA. 
, One abstract. described low-level c-erfeB-2 DNA amplification in one of ten 

salivary gland pleomorphic adenomas.^ 

Correlation of c-erbB-2 Activation With PaUent Outcome 

Very few studies have attempted to correlate activation in non- 

mammary tumors with outcome/ Slamon et al»» showed that c-erfcB-2 amplifica* 
tion or overexpression in ovarian carcinomas correlates with decreased survival, 
espedally when marked activation is present. However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a con*elation between 
decreased survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade. " One abstract stated that o-eriB'-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with deaeased 
disease-free interval,™ Another abstract described a tendency for immiinohisto- 



TABLE13, c^rbB-Z ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACT^ 







o^B^2 


o-erbB-2 






mRNA 


Protein 




o«r6B-2 DNA 


Over- 


Over- 


Tumor Type 


Ampllflcailon 


production 


production 


Kidney— nsnal cell carcinoma 


1/5,6^ 1/4,'«'0/5M 






Wilms' tumor 








Proslato— adenocarcinoma 






0/23M 


Urlnaiy bladder— carcinoma 






1/48» 



•Shown as number of cases with ampltficalion (or overprodudlon)/total number of eases studied; letarenoe Is 
given as superscript. All protein studies used Immunohistochemical methods. . 
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TABLE 14. c^dB-aACnVATIOM IN MISCELLANEOUS HUMAN TUMORS- 













0^6-2 




Protein 


Tumor Type 


DNA 


o^rbB-2mnNA 


Over- 


Amplification 


Oveiproduotlon 


production 


"SKIn^mallgnahtlnilanoTO 


-- 




0/10« 


Skin, head and neck — squamous 


0/71W 






cell carcinoma 








Site not stated — squanruHiS cell 








carcinoma 






Salivary gtand— adenocarcinoma 








Parotid gland— adenoid cystic 






0/1" 


carcinoma 






TliyroW— anaplastic carcinoma 


o/i« 






Thyroid— papillary carcinoma 




3(low ievels)/5i 




Thyroid— idenooarclnoma 


0/1« 






Thyroid— adenoma 


0/21 


1(k»wl6vel&)/2^ 




Neuroblastoma 


0/35 « 0/9.87 0/1 w 






Meningtoma 


0/2» 







•Shown as number of cases wflh ampllflcaUon (or overproductlonyiolal number of esses studied; refervnoe is 
given as supereeript All pretein studies used immunohiatochemlQal methods. 



chemical reactivity for o-er&B-2 protein to correkte with higher grades of pros- 
tatic adenocarcinoma. 87 Additional prognostic studies of ovarian learcinomas arid 
other neoplasms are needed. 



SUMMARY 

Activation of the c-erfeB-2 oncogene can occur by amplification of c-grfcB-2 
DNA and by overproduction of c.eri>B.2 mRNA and t-erfcB-2 protein. Approxi- 
mately 20 percent of breast carcinomas evidence of c-er&B«2 activation, 
which correlates with a poor prognosis primarily in patients with metastasis to 
axillary lymph nodes. Studies that have attempted to correlate c-«rfeB-2 activa- 
tion with other prognostic factors in breast carcinoma have reported conflicting 
conclusions. The pathologic and clinical significance of c-eriB-2 activation in 
other neoplasms is unclear and should be assessed by additional studies. 
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DECLARATION OF PAUL POLAJOS, Ph.D. 
I, Paul Polalds, Ph,D., declare and say as follows: , 

1. i was awarded a Ph.D by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am cun-ently employed by Genenteehi Inc. where my job tifle is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a pnmary foCus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratoiy has been analyzing 
differential expression of various genes in tumor cells relative to nonnal cells 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentialfy expressed 
protems "tumor antigen proteins", When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective thwapeutic in the treatment of human cancer. 

4. In the course ofthe research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells 
at genomic DNA, mRNA and protein levels. An important example of one such ' 
technique is the well known and widely used technique of microarray analysis 
wWch has proven to be extremefy useful f^r the identification of mRNA moleciSles 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
^proximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corriesponding normal human cells. To date we 
have generated antibodies that bind to about 30 ofthe tumor antigen/proteins ' 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragr^h 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular ttiRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of , 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is niy 
opihi6h that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my dwn knowledge are 
true and that all statements made on information or belief are believed to be true, 
and fiirther that these statements were made with the knowledge that willfiil felse 
statements and the like so made are puipshable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willfiil 
statements may jeopardize the validity of the application or any patent issued 
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Figure 6-3 Genes can be expressed 
with different efficiencies. Gene A i$ 
transcribed and translated much more 
efRclentl/ than gene B.This allows the 
amount of protein A in the cell to be 
much greater than that of protein B. 
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FROM DNATO RNA 

IVanscription and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecide can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efQciency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-^). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment— most obviously by controlling 
the production of its RNA. 



Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence— a gene— into an 
RNA nucleotide sequence. The infortoation in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA— 
the language of a nucleotide sequence. Hence the name transcription. 

like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds (Figure 6-A), It differs from 
DNA chemically in two* respects: (1) the nucleotides in RNA are 
ribonucleotides— ttiBt is, they contain the sugar ribose (hence the name ntonu- 
deic acid) rather than deo;(yribose; (2) althoughi like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (C), it contains the base uracil (U) 
instead of the thymine (T) in DNA. Since U, like X can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and Apairs with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally. 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occiurs in cells as a double- 
stranded helix, RNA is single-stranded* RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
aprotein (Figure 6-6). As we see later in this chapter, the ability to fold into com- 
plex diree-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA In a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6-49 Protein aggregates that cause human disease. (A) Schematic illustration of the type of 
conformational change In a protein that produces material for a cross-l>eta filament. (B) Diagram illustrating 
the seK-lnfectious nature of the protein aggregation that is central to prion diseases. PrP is highly unusual 
because the misfolded version oif the proteln» called PrP*, induces the nbrmal PrP protein it contacts to 
change its confonnation,as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that is especially prone to aggregation, but because this structure Is 
not infectious in this way, it cannot spread from one animal to another. (Q Drawing of a cross-beta filament, 
a common type of protease-resistant protein i^r«gate found in a variety of human neurological diseases. 
Because the iiydrogen-bond interactions in a P sheet form between polypeptide backbone atoms (see Rgure 
3-9), a number of dUTerenc abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of PrP to PrP*, showing the likely change of two a>helices into four 
P-styands. Although the structure of the nonnal protein has been determined accurately, tiie structure of the 
infectious form is not yet known with certain^ because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Ixuise Serpell. adapted from M. Sunde et al^Jl Mof. Bfol 273:729-739. 
1 997; D, adapted from S.B. Prusiner, Trends firocfiem. Sd. 21 :482-^7, 1 996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BSE (commonly refened 
to as the "mad cow disease"") from catde to humans in Great Britain. 

Fortunately, in the absence of PrP*, PrP is extraoidinarily difficult to convert 
to its abnormal fomt Although very few proteins have tiie potential to misfold 
into an infectious conformatloni a similar transformation has been discovered 
to be the cause of an otherwise mysterious 'protein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac- 
tions are required to produce a properly folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a ceU therefore depends upon the efficiency with v^ch each of the many steps 
is performed 

We discuss in Chapter 7 that cells have the ability to change the levels of 
their proteins according to their needs. In principle, any or all of the steps in Fig- 
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Figure 6-90 The production of a 
protein by a eucaryotic cell. The final 
level of each protein in a eucaiyotic cell 
depends upon the efficiency of each step 
depicted. 
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ure 6-90) could be regulated by the cell for each individual protein. Howevei; as 
we shall see in Chapter 7, the initiation of transcription is tiie most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being expressed is to 
block the very first step— the transcription of its DNA sequence into an BNA 
molecule. 



Summary 

The translation of the nucleotide sequence of an mRNA molecule into protein takes 
place in the cytoplasm on a large ribonucleopro tein assembly called a ribosome. The 
amino adds used for protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base^pair interactions, par- 
ticular sets of three nucleotides in the mRNA (codons). The sequence of nucleotides in 
the mRNA is then read from one end to the other in sets of three according to the 
genetic code. 

To initiate translation, a small ribosomal subunit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique Initiator tRNA molecule. A 
large ribosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl tRNAs^-each bearing a 
specificamino acid bind sequentially to tite appropriate codon in mRNA by forming 
complementary base pairs with the tRNA anticodon. Each amino acid is added to the 
C'termirud end of the gjrowing polypeptide by means of a cycle of three sequential 
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Figure 7^ Six steps at which 
eucaryotic gene expression ^ be 
controlled. Controls that operate at 
steps \ through 5 are discussed ip this 
chapter. Step 6, the regulation of protein 
activhy, includes reversible activation or 
inactivation protein phosphorylation' 
(discussed in Chapter 3) as well as 
Irreversible inactivation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various cell types of an organism depend on the partic- 
ular genes that the cells expiess, at what level is the control of gene expression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and all of them can in principle be regulated Thus 
a ceU can control the proteins it makes by (1) controlling when and how often a 
given gene is transcribed (tramcriptional control], (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing conHol), (3) 
selecting which completed mRNAs in the cell nucleus are e3q)orted to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vatmg, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein activity control) (Figure 7-5). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this fimction by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
ejqpression. 

Summary 

The genome ofa ceU contains in its DNA sequence the information to make many 
thousands ofdigerent protein and RNA molecules. A cell typically expresses only a 
fraction of its genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed Moreover, cells can chaise the pattern 
of genes they express in response to changes in Iheir enviwnment, such as siffuds 
from other cells. Althou^ all of the steps involved in expressing a gene can in prin- 
ciple be regulated, for most genes the initiation of RNA transcription is the most 
. important point of control 



DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine which of its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
trolled by a regulatory region of DNA relatively near the site where transcription 
begins. Some regulatory regions are simple and act as switches that are thrown 
• oy a singje signal. Many others are complex and act as tiny microprocessors, 
.responding to a variety of signals that they interpret and integrate to switch the 
^neighboring gene on or oS. Whether complex or simple, these switching devices 
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occur in the genu line, the cell lineage that gives rise to spenn or eggs. Most of 
the DNA in vertebrate germ ceOs is inactive and highly methylated. Over long 
periods of evolutionary time, the methylated CG sequences in these inactive . 
regions have presumably been lost through spontaneous deamination events 
that were not properly repaired. However promoters oif genes that remain active 
in the germ ceU lineages (including most housekeeping genes) are kept 
unmetfaylated, and therefore spontaneous deaminations of Cs that occur wiA- 
in them can be accurately repaired Such regions are preserved in modem day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against and some CG islands are simply the result of a high^ than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islandis. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animaJs and plants are created largely through mecha- 
nisms that cause different genes to he transarihed in different cells. Since many 
specialized animal cells can maintain their unique character through many cell 
division cycles and even when grown in culture, the gene r^uJatory mechanisms 
involved in creating them must he stable once established and heritable when ^ 
ceU divides, Thesefeatures endow the cell luith a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene rotatory proteins, each of which inMb^ the synthesis of the 
other, this can create a flip-flop switch that switches a cell between two alternative 
patterns of gene expression. Direct or indirect positivefiedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism for cell memory. Negative fisedbetck loops with programmed delays form the 
basis for cellular docks. 

In eucaryotes the transcription of a gene is generally controlled by combinations 
of gene regulatory proteins. It is thought that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene regulatory proteins that ensure 
the expression of only those genes appropriate to that type of cell A ^uen gene regu- 
latory protein may be active in a variety of circumstances and typically is involved 
in the regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also used by eucaryotic cells to regulate gene expression. An espe- 
cially dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA methylation also funcUons in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methylation also underlies the phenomenon of 
genomic UtiprinUng in mammals, in which the expression of a gene depends on 
whether it was inheritedfrom the moOter or the father. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controlsf on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
tile amount of gene product that is made. Although these posttranscriptional 
controls, which operate after RNA polymerase has bound to the gene's promoter 
begun RNA synthesis, are less common than transcriptional tx^ntrol, for 
many genes they are crucial. 
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immunoblotting to detect interactions of endogenous cellular proteins. 
Bidteehniques 29, 506-512 (2000). 

61. Lawrence, D., Shahrdldi, Z., Marst«s, S., Achilles, K., Shih, D. Mounho, B., 
Hillani K., Totpal, K. DeForge, L., Schow, P., Hooley, I., Sherwood, S., Pai, R., 
Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, C, Strom, S., Kelley, S:, 
Fox, J., Thomas. P.. arid Ashkenazi. A; Differential hepatocyte toxicity of 
recombinant Apo2L/TRAIL versions. Nature Med 7, 383-385 (2001). 

62. Oiuritharapai, A.,Dodge,K.,GnmmCT,K.,Schroeder,I^^^ 

Koeppou H.« Ashkenazi. A ., and Kim. k.J. Isotype-dq)endent inhibition of 
. tumor growth in vivo by monoclonal antibodies to deadi recq)tor 4. J. Jmmunql. 
166,4891-4898(2001). 

63. Pollack. LF.. Erffi M.. and Ashkenazi. A . Direct stimulation of j^joptotic 
signaling by soluble Apo2L/tumor niecrosis factor-related apoptoisis-inducing 
Ugand leads io selective killing of glioma cells. Clin. Cancer Res. 7, 1362-1369 
(2001). 

64. Wang, H., Marsters, S.A., Baker, T., Chan, B,, Lee, WJ»., Fu, L., Tumas, D., Yan, 
M, Dixit, V.M., * Ashkenazi. A. , and *Grewal, I.S. TACI-ligahd interactions are 
required forT ceUactivation andcoUagen-induced arthritis in mice. Nature 
Immunol 2, 632-637 {2001). 

65. Kischke^,F.C.,lAwrence,^^A^,Tanel, A., Virmaid,A.,»Seh0w,^P 
Blenis. J.. Amott P.. and Ashkenazi. A . Death recq>tor recruitment of 
endogenous caspase-10 and apoptosis initiation in the absence of caspase-8. J. . 
Biol. Chem. 276, 46639-46646 (2001). 

66. LeBlanc, H.i Lawrence, PA., Varfolomeev, E„ totpal, K., Morlan, J,, Schow, P., 
Fong, S., Schwall, R., Sinicropi, P., and Ashkenazi. A T umor cell resistance to 
death receptor induced apoptosis tiirough mutational iaactivation of the 
proapoptotito Bcl-2 homolog Bax.\A/a/«rc 8, 274-281 (2002). 

67. Miller, K., Meng, G., Liu, J., Huist, A., Hsei, V., Wong, W-L., Ekert, R., 
Lawrence, P., iSherwood, S., PeForge, L., Gaudreault, Keller, G., ^liwkowski, 
M., Ashkenazi. A ., arid Presta, L. Pesign, Construction, and analyses of 
niultivalentantibodiea /iMwiOTo/. 170, 4854^861 (2003); 
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68. Varfolomeev, E., Kischkel, R, Martin, R, Wanh, Hi, l^wen D., Olssdn, C., 
Tom, L, Erickson, S., French, D,, Schpw, P., Grewal, L and AshkenazL A, 
Immiine system development in APRIL knockout mice. Submitted; 

Review articles: 

1 . Ashkenazi. A.. Peralta, E., Winslow, j,, Ramachandran, J., and Capon, D., J. 
Functional role of muscarinic acetylchoUne receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. Lni„263-272 (1988)., 

2. Ashkenazi, A .. Peralta, E., Winslo\y, L, Ramachandran, J., and Capon, D. . 
Functiond diversity of muscarinic receptor subtypes in cellular si 
transduction and growth. Trends Pharmacol Scu Dec Supplement, 12-21 (i989), 

3. Chamow, S., Duliege, A., Ammanh,"A., Kahn, J., Allen, D., Eichberg, J., Bym, 
R., Capon, D., Ward, R., and Ashkenazi. A . CD4 immunoadhesins in anti-HIV 

. therapy: new developments. Int J. Cancer Suppleijtient 7, 69-72 (1992). 

4. Ashkenazi, A ., Capon, and D. Ward, R. Immimoadhesms. Int. Rev. Immunol 10, 
217-225 (1993). . 

5. Ashkenazi, A ., and Peralta, E. Musqarinip Receptors. In Handbook of Receptors 
and Channels. (S. Peroutka, ed.), CRC Press, Boca Raton, Vol. I, p. 1-27,(1994). 

6. Krantz, S. B., Means, R. T,, Jr., Lina, J., Marsters, S. A., and Ashkenazi. A . 
Inhibition of eiythroid colony formation in vitro by gamma interferon. In 
Molecular Biology of Hematopoiesis (N. Abraham, R; Shadduck,' A. Levine F. 
Takaku, eds.) hitercept Ltd Paris, Vol. 3, p. 135-147 (1994). 

7. . Ashkenazi. A . Cytokine neutralization as a potential therapeutic appro^ 

^ SIRS and shock. Jl Biotechmlogy in Healthcare 1, 197-206 (1994). — 
8; Ashkenazi: A ., and Chamow, S. M. Immunoadhesins: an alternative to human . 
inonoclonal antibodies. Immunomethods: A companion to Methods in 
Enzimology 8, 104-1 15 (1995). 

9. Chamow, S., and Ashkenazi, A . Immunoadhesins: Principles and Applications: 
Trends Biotech. 14, 52-60 (1996). 

10. Ashkenazi. A ., and Chamow, S, M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. ImmunoL 9, 195-200 (1997). 

11. Ashkenazi. A ., and Dixit, V. Death receptors: signaling and modulation. Science 
281,1305-1308(1998). 

12. Ashkenazi. A «. and Dixit, V, Apoptosis control by death and decoy receptors. 
Curr. ppin. Cell. Biol 11, 255-260 (1999). 



13. AshkenazL A . Ch2q)ters on ApolI/TRAIL; DR4, bR5, DcRl, I)cR2; and DcR3. : 
Online Cvtoldile Handbook fwww>apnetcom/cvtoldnereferenceA > 

14, Ashkenazi, A . Targeting death and decoy receptors of the tumor necrosis factor 
superfamily/TVaft/r^ Rev. Cancer 2, 420-430 (2002). 

15, LeBlanc, H. and Ashkenazi, A . Apoptosis signaling by Apo2L/TRAIL. Cell Death 
and Differentiation 10, 66-75 (^^ 

16. Ahnasan, A. and Ashkenazi. A . Apo2I/rRAIL: apoptosis signaling, biology, and 
potential for cancer therapy. Cytokine and Growth Factor Reviews 14, 337-348 

. (2003). 

Book: 

Antibody Fusion Proteins (Chamow, S., and Ashkenazi. A. , eds., John Wiley and 
Sons Inc.) (1999). 

Talks: 

1 . Resistance of primary IHV isolates to CD4 is indq)endent of CD4-gp 1 20 binding 
affinity. UCSD Symposium, HIV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 1991. 

2. Use of immune-hybrids to extend the half-life of receptors. IBC conference on 
Biopharmaceutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor Immunoadhesins for the Treatment of Sqpsis. IBC 

• conference on Efidotoxemia and !§episis. Mdladelphia, P A,7une4 992. - 

4. Immunpadhesins: an alternative to human antibodies, IBC conference on 
Antibody Engineering. San Diego, CA, December 1993. 

5. Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA^ May 1993. 

6. Protective eflSciacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th International Congress on TNF. 
Asilomar, CA, May 1994. 

7. Interferon-y signals via a multisubimit receptor complex that contains two types of 
polypeptide chain. American Association of InmiunologisteCoh^^ San 
Franciso, CA, July 1995. 

8. Immunoadhesins: Principles and Applications. Gordon Reisearch Conference on 
Dmg Delivery in Biology and Medicine. Ventura, CA, February 1996, 
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9. Apo-2 Ligan4 a new member of the TNF family that induces apoptbsis iii tumor 
cells, Cambridge Symposium on TNF and Related Cytokines in Treatment of 
Cancer, ffilton-Head, NG, March 1996, 

10. Induction of q}optosis by Apo2Ligand, American Society for Biochemistiy and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 
Orleans, LA, June, 1996. 

11. Apo2 hgand, an extracellular trigger of s^optosis. 2nd Clontech Symposium, 
Palo Alto, CA, October 1996. 

12. Regulation of apoptosis by members of the TNF ligand and receptor families. . 
Stanford University School of Medicine, Palo Alto, CA, December 1996, 

13. Apo-3: anpvel receptor that regulates cell death and inflaiQmation: 4th 
intCTiational Congress on Immune Consequences of Trauma^ Shock, and Sepsis. 
Munich, Geraiany, March 1997, 

14. New memb^ of the TNF ligapd and receptor families tiiat regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997, 

15. Immunoadhesins: an alternative to inonoclonal antibodies; 5th World Conference 
pn Bispecific Antibodies. Volendam, Holland, June 1997. 

16. Control of Apo2L signaling. Cold Spring Harbor I^oratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1997. 

17. Chairman and speaker, Apoptosis Signaling session. IBC's 4th Annual 
Conference on Apoptosis. San Diego, CA., October 1997. 

18. Control of Apo2L signaling by death and decoy receptors. American Association 
for the Advancement of Science. Philladelphia, PA, Febmary 1 998, 

19. Apo2 ligand and its^eptors, Amdicm Socasty of Immunologista.> San 
Francisco, CA, April 1998, 

20. Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 
May 1998. 

21. Apo2L as a potential therapeutic for cancer. UCLA School of Medicine, LA^ 
CA, June 1998. 

22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference qri 
Cancer Chemotherapy, New London, NH, July 1998. 

23. Control of apoptosis by Apo2L: Endocrine Society Conference, Stevenson, WA, 
August 1998, 

24. Control of apoptosis by Apo2L. Intemational Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 
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25. Apoptosis control by deatibi and decoy recq)^^ 
Cancer Research Conference, WWstler, B 

26. Apoptosis control by death and decoy receptors. American Society for ' 
Biochemistry and Molecular Biology Conference, San Franciscd, CA, May 1 999; 

27. Apoptosis control by death and decoy receptors. Gordon Reseainch Conf^ence on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. , 

29. Safety and anti-tumor activity of recombinant soluble Apo2I/rRAIL. Cold 
Spring Haibor laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

30. The Apo2L/TRAIL system: flierapeutic pot^tiali American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000, 

3 i . Apoptosis and cancer tiierapy, Stanford University 'School of Medicine, Stanford, 
CA, Mar 2000. 

32. Apoptosis and cancer tiierapy. University of Pennsylvania School of Medicine, 

Philladelphia, PA, Apr 2000. 
33; Apoptosis signaling by Apo2L/TRAIL. Intemationial Cong^ss on TNF, 

Trondheim, Norway, May 2000. 

34. The Apo2L/TRAIL system: therapeutic potential. Cap-CURE summit meeting. 
Santa Monica, CA, June 2000. 

35. The Apb2L/TRAIL system: therq)eutic potential. MD Anderson Cancer.Center. 
Houston, TX, June 2000. 

36. Apc|>tosis signaling b^Apo2L/TRAIL. ^Tte Protein Society, 14* Symposium. 
San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2L/TRAIL. AAPS annual meeting. Indianapolis, IN 
Aug2000. 

38. Apoptosis signaling and anti-^cancer potential of Apo2I/IRAI^ Cancer Research 
Institute, UC Sah Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2I/rRAIL. Kenote address, TNF family 
Minisymposium, NIH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 2001 . 

41 . Preclinical studies of Apo2L/TRAIL in cancer. Symposium on Targeted therapies 
in the treatm^tof lungcanc^*. Aspen, CO, Jan 2001. 
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42. Apoptosis sigaaliiig byApo2L/TRAIL. Wiezmaiin Institute of S^^ 
Israel, March 2001. 

43. Apo2L/TRAIL: Apoptosis signalling and potential for cancer therapy. Weizmann 
Institute of Science, ^ehovot, Israel, March 2001. 

44. Targeting death receptors in cancer with ApKj2L/TRAIL, Cell Death and Disease 
conference. North Falmouth, MA, Jun 2001. 

45. Targeting death recq^tors in cancer with Apo2L/TRA]L. Biotechnology 
Organization conference, San Diego, CA, Jun 2001 * 

46. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001. 

47. Apo2I/rRAIL signaling and apoptosis resistance mechanisins. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 200L " 

48. Apoptosis signaling by death reipeptors: overview. Intemational Society for 
Ihterferpn and Cytoldne Research conference, Cleveland^ OH, Oct 2001. 

49. Apoptosis signaling by death receptors. American Society of Nephrology 
ConferenoB. San !Fi^cisco, CA, Oct 2001. 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. Sah 
Diego, CA,^r 2002. 

51. Apo2lArAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birminghani, Ab. October 2002. 

53. ^optosis signaling by Apo2L/TRAIL. (Session co-chair) TNF international 

*^ conference. €an Diego, CA?OctobCT 2 * » * - 

54. ^optpsis signaUng by Ap62I/niAIL. Swiss Instita^^ 
(ISREC). Lausanne, Swizerland. Jan 2003. 

55. Apoptosis induction with Apo2L/TRAIL. Conference on New Targets and 
Innovative Strategies m Cancec; Treatment. Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2L/TRAIL, Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, ML April 2003, 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003. 

58/ Targeting apoptosis through death receptors. Second Intemational Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003, 

Issued Patents: 
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1. Ashkenazi, A.,Chainow, S.andKogaii,T. Cadxdiydhite-directedcrossliiil^ 
reagaits; US patent 5,3ii9,028 (Jul 12, 1994). 

2. Ashkenazi, A., Chamow, S. andKpgan,T; C{ai)phydrateTdii^tkldrossliiikmg 
reagents. US patent 5,605,791 (Feb 25, 1997). ■ 

3. Ashkenazi, A.,Chamow, S.an<i Kogan,T. Carbohydrate^lirei^ qrosslinkmg 
reagents. US patent 5,889,155 (Jul 27, 1999V 

4. Ashkenazi, A., APO-2 Ligand. US patent 6^030,945 (Feb 29, 2000). 

5. Ashkienazi, A., Chuntharapai, A., Kim, J., APO-2 ligand antibodies. US patent 6, 
046, 048 (Apr 4, 2000). 

6. Ashk«iazi, A.,Chamow, S. andKogan,T. Caibphydrate-directedcrosslinking 
reiagehts. US patent 6,124,435 (Sq) 26, 2000). 

7. Ashkenazi, A., Qiuntharapai, A., Kim, J., Method for miking monoclonal and ooss- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 

8. Ashkfenazi,A. APO-2 Receptor. US patent 6,342,3^9 (Jan 29, 2002), 

9. AshkCTiazi, A. F;6ng, S., Goddard, A., Gumey, A., N{q)ier, M., Tumas, D., Wood, W. 
A-33 polypeptides, US patent 6,410,708 (Jun 25, 2002). 

10. Ashkenaa, A. APO-3 Receptor. US patent 6,462,176 Bl (Oct 8, 2002). 

11. Ashkenazi, A- APO-2IJ and APO-3 polypeptide antibodies. US patent 6,469,144 Bl 
(Oct 22, 2002). 

12. Ashkenazij A., Chamow, S. and Kogan, T. Carbohydrate-directed ciosslinking 
reagents. US patent 6,582,928B1 (Jun 24, 2003). 

. . -p.- 
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HERr2/iieu Breast Cancer Predictive Testing 



Each YEAK, over 182,000 women in Ae United Stated are 
diagnosed widi breasC cancer, and qqiroximately 45,000 d^^ 
of the diseased Incidence appears to be increasing in the 
United States at a rate of roii^y 2% per yenr. The reasons 
for tfie increase are undduvbotnoii^gen^ appear 



toflay ajaige roIeX^ 



recorrence risk m women younger than 40 years of age for 
low- veftus Wgh-ainplified tumore (54.5% cpintpared to 
85.7%); fliis is conqpared to a recurrence rate of 1 6.7% for 
patients wttfi no HER-2/nett gene aiiQiliiication.^ HBR-2yheii 



TRve-year survival Baterangg-ft^ 65%- 
85%, depending on detnpgrf^hic group, with a i^tgniiicant 
percentage, of women e3q>erienc]ng recurrence of their cancer 
withm 10 years of diagnods. One of Ifae factors most pie^c- 
tive for recurrence once a diagniosis of breast cancer has been 
made is the number cf axillaiy lymph nodes to v^ich tumor 
has metastasized. Most noderpositiye womtm are given adju- 
vant therapy, which increases theff survival. However, 20%- 
^0%^f patients without -axillary^node involvement also 
develop recurrent disease^ and die difficulty^ Kes in how to iden- 
tiiy this high-risk subset of patients. These patients conld 
benefit frQm.iiicmased sarveiilanoe, eaily intervention, add 
treatment ' . * 

Prognostic markers currently used in breast cancer recur* 
rence prediction tndude tumor size, histological grade, steroid 
Iwnnone receptor status, DNAploldy, proliferative index, and 
cathepsin D status. Expressioti of growth ftctor receptors and 
over-^^ression of the HER^^lZ/neu oncogene have also been 
identified as haWng value regarding treatment r^imen and 
i^rognQsis.^ . . 

H^2/riii (afjo tebwris c-erbB2) if an oncogene £at 
encodes a transmembrane gJycoprSE^ that is boniologous 
to, but distinct from, the epidermal growth factor receptiMr. 
Nnmerous stodies.have indicated tiiat high levels of expres- 
sion of this protein are associaM rapid tirnior growth, 
certain forms of diempy resistance, and shorter disease-free 
sdrvivaL The gene has been shown to be amplified and/or 
ovemcpressed fai 10%-30% of invasive breast cancers and hi 
40%-60% oir intraductal breast carcinoma*) 

There are two distinct IH^A-approyed niethods by.vtdiicb 
HER-2/neu status can be evaluated: imniunohistochemistTy 
GHC, HercepTestTM) and FISH (fluorescent in situ hybridiza- 
tion, PathVyslonTM Kit), Both methods can be performed on 
archived atid ctirrent $pecbnens.liiefustmeaiod aUov^ 
as«essmetit of the anyoimt of HER*2/Sneo protehi preset on 
die cell membrane^ lie latter method allows duect quantilR- 
tation of the levd pf gene.amplification present hi the tumor* 
enablh^ difibrentiation between low* versus high-amplifica- 
ti<m. At least onie study has demonstrated a difference in 



X^.,;^..S^ (^l cm) tumt^ size^ 



The^ice of riieflioablogy.for dSmninatfon of BSSC^lf 
neustatuis depends faipairt on diedinical setting, FDA approval 
for die Vysis FISH test was granted based on dinical ttiak 
nivolvfal0l5491klde-postd;^^Itotients. Fadents received one 
of diree qifH^nt treatments consisting of dlff^ent doses pf 
/cyclophosphamide, Adriamycfai, and 5-fhiorouracil (CAF>. 
The smdy showed diat patients widi amplified HElU2/neu 
benefited from treaitinent wi^ higher doses of ^adriamycin* 
based tfaemii%.uaule^tiiose wSd^^ 

not The study <hw:efote id^tified a sublet pf women, who 
because ^ey did not bene^Bt from, more aggre^yp ti^tmen^ 
did not need to be expoised u> the asspda^ side effbdsJ In 
addition, odier evidence m^cates ttiat HE1l-2/n^ ampliflca* 
tibn ii> node^negathre patients can be used .as an independent 
prognostic indicator for eafly recurrence, recurrent disease at 
any dme and disease-related deadi.5 Dononstradon of HBR« 
2/heu gene ampliiicatimi by FISH has also been diown to be 
of value in predlctmg response to diemodiera|>y in 8tage-2 
breast cimbar patients. 
. Selection of ]^uientsfcKr ||m^ 
cloiid andbo(l^^empy»^E€^ir^^ 
doqiSf Hat*2/Qeu proldp pve^^ 
Studies usmg Herceptin^ in patients widi metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to cbemotherapeudc agents and a small 
increase in overall survival rate. The FISH assays have n<^ yet 
been approved for dds purpose, and suidies lookmg' at response 
to Herceptm^ in patients with or without gene an^lificatlon 
. status detmnUied by FISH are in progress. 

In genml, nSH and mc results correlate well However, 
subsets of ttjmors are found which show dlscordiaiit results; 
I.e., protein overexpression without gene amplification or lack 
of protein overexpression with g^e ani|>lificatlon.The Clini- 
cal significance of suchresidts is unclear Bas^on die above 
considei9tions, HER-2/neti testmg at SHMC/PAML vidll utiv 
lize immunohistodieinistry (Hercq»lbstO) as a screen, fol* ^ 
lowed 1^ nsu m IHC-negative cases. Altemathfe^, either 
m^diod may be otdered bidividuaUy dependmg on the clini- 
cal setdng (mt clinidaa imforcnce/ 
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CPT code information References 

HER-Z/aeuylalHC K 

Sg}42 Oncludmg inUrptttive lejton^ . ^ 

lIEK-2/neii via FISH 3 

'iin\x2 Molex^lar cytogenetics, DNA probe, each 
SSZ74 Molecular cytogenetics^ interphase in situ il^brid* 

itttion, analyze 25-99 cells * 
. 88291 (Oogenetics and molecular cytogenetics, interpret 

fationan<it report • 



Wtogo, PA^Tbng, T, BoMen, *tittcer Statistic^, 1^5^5:1:8-31. 

XaimlUtes and Ri8ks^4^ cd^Hattona) Iti^ 
Cttieer InUlole* 1996, |>, 120. 



Procedural Information 

Inimunohistochemistiy is perfonn^d using the FDA-a^iroVed 
1)A.K0 antibody kit^ HerceptestO^The BAKO Idt contains 
ftageots required tp complete a two-stq> fannranohiato^ 
dtenii^ siafaiiig proc^^pne forjx^ inocessed, paraffin^ 
embedded s^im^^foUow^^aeib^^ 
rd)b(t antitodty to bumtm 

i reft<fy-loHH^ dextran-based vistmUzation reagent Tlus re- 
agent consists of both secondaiy goat antiH^bbit antibody 
molecules with horseradish peroxidase molecules linked t[> a 
coinihon dextran polymer b8cld>one, thus eliminatbg the t^eed 
for sequential applicatjo^n of link, antibody and peroxidase 
conjugated antibody* Enqrmatic conversion of the subse- . 
^entty atided'^hrOmogen results in formation of visible 
reaction product at the antigen site* The spechnen lis tfaencoun* 
terstalned; a pathologist using Itght-nticroscopy hiteiprets . 
.lesulis. 

FISH analysis At SHMC/PAML is performed using Uie 
FDA-^roved?athVy5ion'»w HER*2^eu DNA probe kit, pro- 
fhiced by Vysis, Inc. Fomialin fixed, paraffin-embedded breast 
tissue is pn)ce^ using rontfaie histological methods, and 4ien 
slides are treated to atlow b^ridization of DNA probes to the 
nuclei present b the tissue stcdotu thePathvyslon™ kit con- 
ulbks two directJabeled DNA probes, one spedfic for the 
tlphoidrepetitiveDNA(CEP17|jSpectr^ . 
Hhe chhui^spmH^^^rnl^ef^ fbflS^mAfot Oe HER- 
Sy^neu oncogene locatedatl7ql lJt-12 
meration of the probes allows a ratio of the number of copies 
of ^uomo^ome 17 to the number of cqries of ilER*2/heu to . 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/ncu gene ampliiication. The cHnically 
lelevant distinction is whether the g^ amplification is due 
tofaicrM^ed gene copy number on the two chromosome 17 
homolbgucs normally present or an increase in die numbo^.of 
chromosome 17s fai the cells. In die majority of cases, ratio 
equivalents less than 2.0 are indicative of a nonnal/negative 
resuh, ratios of 2 J and over indicate that amplification is 
present and to what degree. Inteipretation oftbis data will be 
performed tod reported from the Vysfs-c^tified Cytogenet- 
ics iabomtoiy at SHMC 



Slamon,nJ^asil[.01i^Song,S.a,I^WJ^Ul]^ 
WX.r'fhimaQ breast CancenCoixvlation of ie]^>se«idsitrviva] witb. 
tmplificatio& of tke lttr*2/iieu OMK>smi"/Seiai^ 33S:177«IS2, 19S7« 

Xin^ WJU Oi1<*ri$t, K.W^ Htnii, CK. Samson* Udnu, 
"l^t^H detccdoQ of HER^s/ncu oncogene axnpUficatkm In tar^ cqisef 
bfcast cancel^. Breast CaibcerlUs. And Treatment 39(?):203-2 12,1^^ 

Piew, M Bernstein, U, Thomas, FA,, MeUjier, UF„ Zhou, J, Y, Ma, 
Hung, 0^ Robinson, RA^ Manis. C;E144a|gar, Slamon, D J,, 
PhiUipa, R.Nn Rosa, Wohnan, ?.R^ Fiona, KJ^ -Herwl/neoicnc 
ampliiitation dianct^iiied by llaorcscenoe la sita l^bcidizitltm: poor 
proghods to node-Q^tive breast carcSnomai^, i; Ctts^calOnoolosy 
15<8)i2894*2904, 1997. v ^ ^ 
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